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INDUSTRIAL 
HORIZON 


It’s a 100-per cent mobili- 
zation, as American industry 
undertakes vast task of swiftly 
building up productive capacity 
for all-out rearmament and main- 
tenance of essential civilian out- 
put. 


AS 1950 closes, the indecisions and 
frustrations of national policy have 
been ended, and the country is solid- 
ly and grimly united in total mobili- 
zation under a state of national emer- 
gency—proclaimed by the President. 


This, in fact, is what the country 
has been waiting for since the Com- 
munist aggressions struck in Korea. 
As so often happens, the people are 
far more ready for austerities and 
drastic action than the leaders re- 
alize. 


Industry, in particular, will be 
gratified and will gather confidence 
from the President’s creation of a 
centralized and powerful Office of 
Defense Mobilization under the lead- 
ership of an executive and public 
servant so outstanding as Charles E. 
Wilson, president of General Electric 
Company. The President has made 
just the right choice for a post that 
requires the strongest possible lead- 
ership and the greatest available 
capabilities. 


As this is being written, Mr. Wil- 
son has already resigned from Gen- 
eral Electric to assume his new tasks. 
From now on his job, with industry 
and the nation as a whole behind 
him, is to show that the “miracle” 
of American productive ability can 
again be evoked into an all powerful 
reality. The weapon of industrial pro- 
duction is our most potent weapon 
and is the one for which the Com- 
munists have the most respect. 


By the time this is being read, 
our industrial mobilization machine 
should be moving into high gear. 
Industry committees in various fields 
have already been scheduled for meet- 
ings in Washington to help formulate 
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CHARLES E. WILSON 


Director of Defense Mobilization 


plans for a coordinated rearmament 
production. 


The President in his address of 
December 15 set up impressive pro- 
duction objectives. Whether these are 
sufficient is something no civilian can 
judge. It would be a fairly shrewd 
guess, however, that these are mini- 
mum objectives. 


Even so they are impressive; for 
one thing, the output of electronic 
equipment for defense purposes will 
shoot up within a year by a factor 


of 41%. 


Under the state of national 
emergency the President’s authority 
becomes very broad. As Director of 
Defense Mobilization, Mr. Wilson 
in turn shall “direct, control and co- 
ordinate all mobilization activities of 
the executive branch of the Govern- 
ment, including but not limited to 


production, procurement, manpower, 
stabilization, and 
ties,” 


transport activi- 
and will report only to the 
President. 


All previously established agencies, 
such as the National Production Au- 
thority, and even the National Se- 
curity Resources Board will be under 
the jurisdiction of Mr. Wilson. 


In assaying Mr. Wilson’s extraor- 
dinary powers—the greatest probably 
given to any official in our history, 
save to a President—it is important 
to note that the Department of De- 
fense retains its own vast powers in 
placing defense orders and in main- 
taining a stockpiling program. There 
is no question but that the ODM and 
Defense Department will of necessity 
have to cooperate and coordinate 
their efforts. 


One important result of the 
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changed conditions is that negotiated 
contracts will now be issued in a 
much greater volume and at a swifter 
pace than was legally possible under 
normal procurement regulations. A 
swift build-up in defense orders is 
therefore to be expected. 


How far are we from all-out con- 
trols over prices, wages and from 
materials allocations? At this writing, 
a guess might be dangerous. But in 
wages and prices the indications are 
for a system of “pinpoint” controls 
for a month or two, until the full 
administrative machinery in Wash- 
ington is ready and then for all-out 
controls. In the interim, every effort 
will be made for a system of voluntary 
adherence to “fair standards.” 


The selective approach to con- 
trols however is more than likely to 
cause dissatisfaction. The automotive 
industry protested sharply against 
the price roll-back ordered immedi- 
ately after the presidential declara- 
tion of the emergency, taking issue 
with the order as “discriminatory.” 


In materials, the various regula- 
tions issued by the National Produc- 
tion Authority remain in effect, and 






Recent NPA Orders 


Order M-9; Zinc: Provides rules for 
placing, accepting, and scheduling rated 
orders for zinc; seeks to provide equit- 
able distribution of rated orders by es- 
tablishing “ceilings” and 
“lead time” for deliveries of such or- 
ders. 


acceptable 














Order M-10; Cobalt: Limits inven- 
tories beginning last November 20 to 
a 20-day supply; issued orders to sole 
importer of cobalt on how to distribute 
supplies during December. December 
distribution was somewhat liberalized in 








respect to nondefense orders. 








Order M-11; Copper: Provides rules 
for placing, accepting and scheduling 
rated orders for copper and copper-base 
alloys, in much the same manner as 
order M-9 (see above.) 





Order M-12; Copper: Specifically 
limits nondefense production and use of 
brass-mill and copper-wire mill prod- 
ucts by total weight to 85 per cent in 
January, 85 per cent in February and 
80 per cent in March, 1951 of the aver- 
age production and use during the first 
six months of 1950. Foundry products 


are permitted 100 per cent of base 











actually will constitute the foundation 
on which new—and doubt far 
more sweeping orders—will be issued. 
It is pretty clear that new orders will 
be direct, specific, and will say just 
where critical materials may or may 
not be used. An allocation order of 
this nature is expected on copper. 


no 


A tabulation of all pertinent 
regulations issued to date of writing 
by the National Production Author- 
ity is given here and should be use- 
ful as a briefing for further develop- 
ments. 


Obviously, despite the strong setup 
created through the establishment 
of the centralized Office of Defense 
Mobilization and the selection of 
Charles E. Wilson to head it, we 
still have to go through a period of 
readjustment, confusion and_ines- 
capable “snafu.” Not every civilian 
cutback will be immediately replaced 
by a defense order. 


Dislocations will come aplenty, and 
there may be even some regional un- 
employment. But all this should be 
temporary. From every indication the 
nation will be on a 100-per cent in- 
dustrial mobilization basis before we 


period production or use. 


Electronic Tubes: NPA issued direc- 
tives to General Electric and Raytheon 
ordering delivery of approximately 12,- 
000 tubes to Aeronautical Radio, Inc., 
for safe operation of civilian planes, in 
order “to avoid grounding of planes re- 
quired in the defense effort.” 


Orders M-1 and M-6; Steel: Orders 
amended to _ provide efficient 
production schedules; covers lead times 


more 


and percentage ceilings on acceptance 


of rated orders. 


Order M-7; Cuts 
defense consumption of aluminum dur- 
ing first six months of 1951 to 65 per 
cent of base period. January usage is 
permitted at 80 per cent, however, and 
February at 75 per cent to prevent too 
sharp effect on production schedules. 
Base period is the first half of 1950. 


Aluminum: non- 


Order M-14; Nickel: Limits the use 
of nickel during the first quarter of 
1951 to 65 per cent of the average 
quarterly consumption during the base 
period (first half 1950). 


Order M-15:; Zinc: Beginning Janu- 


ary 1, 1951, nondefense use to be at an 
average quarterly rate 80 per cent of 
production or use during the first half 








have gone too far into crucial 1951. 


The product design engineer 
will have two overall design prob- 
lems to worry about now: 


1. What we may call the “austerity” 
design; the problem of designing or 
redesigning civilian products with 
the use of permissible materials. Here 
he may have to fall back on some of 
the older and more conventional ma- 
terials, if available. 


2. The “military” design; the prob- 
lem of acquiring new design skills, 
learning new design principles, be- 
coming familiar with special mate- 
rials and components that are so basic 
in the advanced designs involved in 
military equipment. 


In short, the product design engi- 
neer will have to be a pretty versatile 
fellow from now on. 


Meanwhile, metal markets are 
in a completely constricted condition 
with startling disparities between the 
called “official” prices and the gray 
market quotations, particularly in the 
nonferrous group. As an indication 
of this situation here is a round-up of 
the actual market conditions that face 





1950. 


Order M-2 (Amended) Rubber: Re- 






duces civilian natural rubber consump- 
tion in January and February by 28 
per cent in each month from the No- 
vember 1950 level, but maintains total 
civilian consumption at approximately 
90,000 tons a month by authorizing in- 
creased use of synthetic. 


Order M-16; Copper Scrap: Regulates 
acceptance, delivery and distribution of 
copper scrap and copper-base alloy 
scrap. Prohibits “undue accumulations 
of such scrap,” and limits inventories. 
Prohibits any “conversion” sales without 
approval of NPA. 


Industry Advisory Committees: 
Meetings of NPA officials with industry 


committees were held in regard to 
aluminum, steel, stainless steel, zinc, 
synthetic and natural rubber, and 


porcelain enamel. Also with representa- 
tives of laundry and_ dry-cleaning 
machinery, loudspeakers, and perma- 
nent-magnet manufacturers. 
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THE MALLORY 
“INTERVAL TIMER SWITCH 


permits sequence time control of a 
series of circuits to a predetermined 
program time cycle. It consists, basic- 
ally, of a camshaft assembly employ- 
ing a series of cams. The assembly, 
driven by a synchronous motor, is 
actuated by a timer mechanism pro- 
viding quick make and break action. 
The range of operations of the inter- 
val timer switch is extensive . . . basic 
design and type standardization will 
permit its economical incorporation 
in many products. 


Mallory Timer Switches 
Fit the Need Quickly 


and at Lower Cost 


The Mallory Interval Timer Switch quickly set new high stand- 
ards of performance for operation of automatic appliances. 
Exciting new applications are continually being developed. 


For your time control jobs, it will pay you to investigate the 
timer switch that is standard equipment on the great majority 
of clothes and dish-washers and dryers now on the market. 
Time-tested and service-proved in millions of units, the Mallory 
Interval Timer Switch is easily adapted to a variety of applica- 
tions . . . opening up a wide range of new product possibilities. 
It may be exactly the answer for which you are looking... 
available both quickly and economically. 


That’s value beyond expectation ! 


Mallory time control know-how is at your disposal. What 


Mallory has done for others can be done for you! 


Television Tuners, Special Switches, Controls and Resistors 


P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 
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SERVING INDUSTRY WITH 
Electromechanical Products 

Switches 

Vibrators 


Resistors 
TV Tuners 
Electrochemical Products 
Rectifiers 
Mercury Dry Batteries 


Capacitors 


Metallurgical Products 
Contacts Special Metals 
Welding Materials 












a buyer in search of materials: 


Copper. While producers are still 
officially quoting 244¢ per lb, out- 
side market prices have been reported 
as high as 43¢. Demand is acute and 
supplies are said to be dwindling. The 
copper shortage cut down deliveries 
to consumers in November to 113,- 
715 tons, as compared with 121,806 
tons in October, according to the 
Copper Institute. 


So far as scrap copper is concerned, 
the situation pricewise has eased and 
refiners and ingot makers are quoting 
lower prices. Promulgation of order 
M-16 by NPA (which bans conver- 
sion deals in copper scrap) was said 
to be principally responsible for the 
easing situation. 


Zinc. Official price remains at 1714¢ 
per lb East St. Louis. Outside mar- 
ket prices have brought at least 10¢ 
a lb above that, it is reported. Con- 
sumers are pressing for the metal and 
getting very little; when the 20-per 
cent cutback comes through in Janu- 
ary, they will get even less. 


Lead. Producers have little to sell 
and stocks of Mexican lead are said 
to have been mostly liquidated. The 
price is maintained at 17¢ New York. 
Consumers are expected to be in for 
a rough time in securing additional 
supplies after the first of the year 
and there has been talk that buyers 
may have to absorb the import duty 
if they want Mexican lead. 


Aluminum. A hectic situation exists 
here with official prices at 19¢ per 
lb and with gray-market prices quoted 
as high as 33¢ to 34¢. Secondary 
aluminum in many instances is sell- 
ing at prices above that of virgin 
aluminum. Scrap aluminum is difficult 
to secure as it is being pressed for 
redelivery to aluminum firms on con- 
version deals, in order to get sheets 
in return. 


Steel. Steel mills advanced prices 
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Factory Sales of Motors and Generators* 
(1947-1950) 


1947 
Type of Motors 


Fractional-hp motors, genera- 
tors and motor-generator 
sets—all types 


motors; single- 
phase, 1 hp and larger—all 
NI oa mains gee bon bowl eater e6 


Integral-hp 


Integral-hp motors; polyphase 
induction, 1-200 hp....... 


Integral-hp motors and gen- 
erators, d-c—l to 200 hp, 
34 to 150 kwincel......... 


Integral-hp motor-generator 
sets; all types, 34 to 150 kw 
Mss sss 


* Sales by NEMA member and reporting companies only 


(Total) 


15,258,673 


351,464 


1,105,864 


58,776 


13,760 


Factory shipments in units 


1950 
(First three 
quarters) 


1948 
(Total) 


1949 
(Total) 


13,269,323 9,434,925 | 11,337,346 
214,038 128,366 134,883 
884,693 512,388 541,640 

56,488 10,759 26,086 
10,451 11,014 7,163 


not all industry. 





roughly $6 a ton last month. Elec- 
trical sheets were boosted by $11 a 
ton. Hot- and cold-rolled sheets went 
up $5 a ton. But gray-market prices 
are fantastic. Hot-rolled has been sell- 
ing in the gray market at about $300 
a ton and cold-rolled at $400 a ton. 
These prices represent markups of at 
least $100 to $150 a ton over the 
market prices. 


Scrap Steel. Advances of $2.50 to 
$5.00 a ton were made last month. 
At the principal market center in 
Pittsburgh, mills boosted prices $2.50 
and at Bethlehem, about $5. Cast-iron 
prices have moved up roughly $2 to 
$3 a ton. 


Searcities in electrical and 
electronic components too have be- 
come critical. There’s a good deal of 
buying in Europe, most of the items 
being of excellent quality. Motors (see 


table) are coming in for a squeeze, 
particularly in fractional-hp and mini- 
ature sizes. 


Production-wise, the nation has 
been moving along with record-break- 
ing figures in most civilian lines. It’s 
almost certain that, despite cutbacks, 
there are sufficient quantities of ap- 
pliances and other electrical products 
in the distribution pipe lines to fill 
consumer demand probably through 
the middle of 1951. What happens 


then is anyone’s guess. 


In the opinion of some 
eminent economists the productive 
capacity of the United States can still 
be so greatly expanded that we can 
manage all-out military rearmament 
sufficient to stop Russia from a shoot- 
ing war, and at the same time keep 
up a reasonable degree of civilian 
production. Only time can tell. 





Among the feature articles scheduled to 


appear in forthcoming issues @ Comparison of Fuses vs Circuit Breakers as protective 


elements @ Progress in Unitized Assembly methods e Conference on Electrical Insula- 


tion @ Applications for Powdered Metal Parts and Design Properties e A Commercial 


Radar System, an Honorable Mention Award. 
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Supply of Engineers Shrinking 


S THE PACE of semi-mobilization 

for war increases, demand for 
workers in industry will be met by 
drawing upon non-essential trades and 
the employment of women. Shortages of 
engineers will not be so readily over- 
come, and will plague the manufacturing 
industry for years to come. 

Three factors have a bearing on this 
situation: Misleading information on 
previous trends in engineering employ- 
ment, the low birth rate in the depres- 
sion years, and prospective draft policies. 
A few years ago, a Bureau of Labor Sta- 
tistics report indicated that the engineer- 
ing profession would soon be over- 
crowded, although enough qualifications 
were injected near the end of the report 
to make the future look less bleak. But 
newspapers headlined the first generaliza- 
tions, didn’t bother about the extenuating 
circumstances. Guidance counsellors and 
parents jumped to illogical conclusions 
and tried to steer prospective students 
away from engineering. 

The lean crop of depression-era babies 
now finishing high school has been fur- 
nishing few candidates for engineering 
colleges. Until the marked drop in en- 
rollment in engineering colleges last fall, 
this trend was obscured by the influx of 
GI's. Then, unexpectedly, industry ab- 
sorbed all of the peak graduation classes 
last summer, when as late as April only 
about half the 50,000 embryo engineers 
were expected to find jobs. Estimates put 
next June’s graduating class at 32,000 en- 


gineers, which will drop to 25,000 in 
1952, 17,000 the next year and 12,000 in 
1954—f the draft leaves all of them in 
college. 

Draft policies still are far from fixed. 
Research and development interests of 
the Armed Services do not see eye-to-eye 
with the Director of Selective Service. 
The Engineers’ Joint Council and the 
Armed Services want a national policy 
board set up, while Selective Service in- 
sists on local draft board autonomy. The 
American Council on Education wants no 
line drawn between art, engineering and 
science students. It might well be that 
superior students will be deferred right 
across the board. Universal Military Serv- 
ice for 18-year-olds will create a 2-year 
vacuum in the colleges. 

Even if draft boards permit the dimin- 
ishing supply of engineering students to 
graduate, industry's chance of getting 
many of them is slim. For some years to 
come it is fairly certain that all but vet- 
erans will be drafted upon graduation. 
In the meantime, age and disability will 
deplete engineering ranks, making it a 
real problem to keep an engineering de- 
partment intact, let alone expand to meet 
war needs. 

The shortage now being created will 
have to be supplied. One good way is for 
engineers individually to become occupa- 
tional guidance counsellors in their own 
communities, particularly in the field of 
The engineering 
profession must do its own selling. 


engineering design. 





BJECTIVES in redesign of the Friden calcu- 
lator were developed out of the answers to such 
What existing plant equipment 
would be used in the fabricating of exterior elements ? 
What were the cost limitations ? How would the product 
be used—under what circumstances and surroundings ? 
Who purchases calculators? Who uses them and dic- 
tates the standards of performance Would the overall 
appearance compare competitively? Would the cal- 
culator be styled for today’s as well as tomorrow’s 
markets ? 

In developing the appearance for the new model, 
Fig. 1, the general exterior profile was established in 
the usual manner. Rough sketches were followed by 


questions as: 


comprehensives, then finally a full-size mock-up in 
wood. Clean, smooth lines with soft radii were adopted. 
The covers were engineered to fit existing stamping 
equipment already within the plant. 

After considerable experimentation with a wide 
variety of finishes a medium grade wrinkle was selected. 
It has a tough surface that withstands abnormal wear, 
and also gives a surface on which reflections from 
either daylight or artificial lighting are minimized. 

Each mechanism in the calculator was checked before 
being released for production to determine that every 
part possible was designed to be made on a punch press 
or automatic screw machine, and that multiple parts 
were being used to good advantage. In the multiplier 
unit, for example, there are several hundred multiple 
parts. About 90 per cent of all parts that go into the 
new line of calculators is made by one of these two high 
production methods. For the motor, Fig. 2, armature 
and field laminations are made on a six-station com- 
bination progressive pierce and blank die, run on a 
45-ton press at 11,000 strokes an hr. Each stroke pro- 
duces one armature and one field lamination. 


74 


Fig. 1—In redesigning the Friden calculator, chromium 
trim and surface detail of the old model were eliminated. 
Wrinkle finish and satin key tops prevent annoying re- 
flections; keys protrude through cover for better ap- 
pearance and easier cover removal. Electrical unit as- 
sembled on a base plate consists of motor, governor, 
resistor and capacitor, switch and terminal block. Four 
screws hold assembly in calculator. 


Electrical equipment in the new calculating machine 
is comprised of a governor-controlled universal motor, 
resistor, capacitor, terminal block and switch. All of 
these items with the exception of the motor are pur- 
chased from outside sources. 

The motor was designed to be made almost entirely 
of punch press and automatic screw machine parts. 
The first problem was to design a fabricated frame 
sturdy enough to locate the field lamination assembly 
and bearings within desired tolerances. After discard- 
ing several ideas it was decided to use two end plates 
of sheet metal held by four tie rods passing through 
holes in the field laminations. Good ventilation obtained 
with this open construction made it possible to dispense 
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lly line voltage incorporated in 


redesigned calculator 


Major accomplishments in redesigning the Friden Calculating 


machine included a constant-speed motor drive adjustable 
to line voltages of 115, 160 and 230 volts, as well as im- 
proved appearance and several new time-saving use features. 


JOHN L. MOODY 


Research Engineer 


Friden Calculating Machine Co. Inc. 


with complication and added cost of a cooling fan. 

To eliminate line reaming for the armature shaft 
the bearings were pressed into small housings and the 
housings pressed through openings in the end plates. 
This gave the effect of self-aligning bearings which has 
proved to be very satisfactory. The motor is tastened to 
the machine by screws engaging tapped holes in ears 
formed in the end plates. This same construction was 
used for mounting the commutator brush caps. Brush 
housings are formed from 0.032 in. sheet brass and 
are riveted to the rear end plate with suitable insulation. 

Because of difficulty in maintaining the same thick- 
ness on all four corners of the field lamination assembly, 
the stack is held against the shoulders of the tie rods 
by stiff compression springs instead of using solid shims. 
Armature assembly is conventional, and the air gap is 
0.015 in. 

To simplify assembly of the electrical equipment and 


Fig. 2—New design makes 
maximum use of stampings 
and screw machine parts to 
reduce cost. Motor end brack- 
ets are stampings that in- 
corporate mounting feet and 
brush holders. Laminations 
are made a set at a time on 
a high-speed press, using a 
six-stage progressive die. 
Stiff compression springs 
under the rear end bracket 
hold lamination stack. (Mo- 
tor turned bottom up _ to 
show mounting feet.) 
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HONORABLE MENTION AWARD 


ELECTRICAL MANUFACTURING 
12th Annual 
PRODUCT DESIGN COMPETITION 


replacement when necessary, all of the items are 
mounted on a plate which is held to the machine base 
by four cap screws. This made it possible to assemble 
units for the different voltages and keep them on hand 
ready to be put in any model ordered. This also 
facilitated service in the field; the replaced unit could 
then be brought back to the service shop where it 
could be repaired during slack periods. However, in 
Europe where different voltages are found in different 





buildings and sometimes on different floors of the 
same building, service men were kept busy changing 
electrical equipment each time the machines were 
moved from one location to another, or whenever a 
new machine was installed. 

For years, three different motors had been produced 
to meet varying line voltages throughout the world 
market—115, 160 and 230 volts. It was difficult to 
predict the number of calculators that would be ordered 
for each voltage, and as a result, motors would have 
to be replaced in finished machines when orders did 
not arrive according to prediction. What was needed 
was a motor that would operate from any of these three 
line voltages. 

This was finally accomplished in the new calculator. 
Since the 230-volt motor had twice the number of 
field turns as the 115-volt motor, it should operate 
efficiently if both the field coils were split in the middle. 
Thus sections from each coil could be connected in 
parallel for 115 volts, and four half-sections connected 
in series for 230-volt operation. Such a motor operated 
efficiently on 115 volts and 230 volts, but not over 
the range of 150 to 190 volts. However, it was found 
that satisfactory operation on 160 volts was obtained 
if two sections of one coil were connected in parallel 
and two sections of the other coil in series. 

To let the operator know for which voltage range the 
machine was connected, a special switch was designed 
with a voltage-range indicator shown in Fig. 3. It is 
so positioned behind a small opening in the back 
cover of the machine that only one range at a time is 
displayed. Thus, when a machine is delivered the back 
cover can be removed and the switch set so the proper 
voltage range shows through the opening in the back 
cover, and the machine is ready to operate. This change 
from one voltage range to another could easily be 
made from the outside of the machine without removing 
the covers. However, safety is increased by making it 
necessary to disconnect the machine. 
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For the sake of economy, all polished chrome 
trimmings and the polished chrome nameplates on the 
old line of machines were eliminated, bringing up the 
problem of machine identification without the use of 
rivets or screws. The answer was found in piercing 
several small holes in the side and rear covers for each 
letter in the Friden name. After the wrinkle finish is 
applied the covers are placed in an injection molding 
press. Plastics is forced through the previously pierced 
holes into a mold forming the Friden name, as shown 
in Fig. 4. This unusual method made use of an old 
plastic machine that otherwise was idle. 

New, more modern equipment was purchased for 
the double-injection plastics key tops and operating 
bars. In this double-injection method one side of the 
machine makes a plastics shell of the key tops with 
small openings to form the letters or numerals. These 
are then indexed to the opposite side of the machine 
where a different color of plastics is injected inside the 
shells, flowing through the openings and forming the 
letters or numerals. Reflective surface on the key top 
is removed by tumbling which gives the keys a satin 
finish, 

Elimination of radio interference proved to be one of 
the most difficult problems faced in developing the new 
calculator. A small unit built into the cord of the 
machine was finally developed that would eliminate 


Fig. 4—Plastics letters in name are injection molded 
on finished side and rear covers. Through. holes punched 
in panels, each letter is anchored in place. 
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Fig. 3 (Left and above)—Both field wind- 
ings of the universal motor are divided; 
sliding switch accessible behind rear cover 
changes connections to provide operation 
from 115, 160 or 230 volt supply. Window 


shows voltage for which switch is set. 


Fig. 6 (Right)—Many special operator con- 
veniences are incorporated in the new mod- 
el. For example, interlocking slides shown 
in front of the left end of top row dials 
automatically align the carriage for division. 























interference from the radio broadcast band. But enough 
interference remained in the range of 15 ke to 400 me 
to affect radar operation in some military applications 
of the calculator. The only answer was to entirely 
enclose the electrical unit and add an electronic filter 
to eliminate conducted interference. Fig. 5 shows the 
motor drive with its screened housing. 

For use by the Armed Forces, some provision for 
manual operation upon failure of electric power was 
required. With a hand crank designed to be inserted 
through the right side cover, all automatic calculating 
operations can be performed without the use of elec- 
tricity. Insertion of the hand crank automatically opens 
the main switch to prevent injury to the operator in 
the event that power is restored while the machine is 
manually operated. 

Obviously, any operating features added to a cal- 





Fig. 5—When elimination of radio interference at fre- 

quencies up to 400 me is required, the electrical unit 

is completely enclosed in metal screen and a line filter 
replaces the standard terminal block. 
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culator must be a distinct advantage to the operator. 
These operations must be performed by the machine 
itself, and must be arranged in overlapping sequence 
so as to give the operator time to make manual entries 
or copy answers of problems with as little loss of 
machine operating time as possible. 

One source of operator fatigue is encountered in 
repeated multiplication problems in which the mul- 
tiplier is constant. Our fully automatic models have 
always had a ten-key keyboard in which a multiplier 
is set subsequently to the setting of a multiplicand in 
the 100-key keyboard. With both factors entered a 
multiplication operation may be performed completely 
automatically upon the depression of either a positive 
or negative multiplier bar. To relieve the operator of 
setting this constant each time, the new model has a 
means whereby the multiplier can be locked into the 
unit. Each time it is run out to perform its multiplication 
it is immediately re-introduced automatically. This is 
done by a number of notched disks which move with 
the segments when the first multiplier is set. These are 
then locked in this set position by a small gate intro- 
duced into the notches. In all subsequent multiplying 
operations these disks then act as stops for the multi- 
plier segments just as the pins in the pin keyboard 
acted as stops when the initial problem was set into 
the unit. 

Another feature which saves many erroneous settings 
of the carriage is the automatic divisor alignment. 
It has always been possible on all calculating machines 
to so misalign the dividend in the carriage with the 
divisor in the keyboard that it would take hours to 
run the problem out if it were not prematurely termin- 
ated. To eliminate this possibility, this new model con- 
tains a means whereby the dials to the left of the key- 
board are sensed by a number of interlocking levers, 
shown in Fig. 6. In the event that the automatic divi- 
sion key is depressed when the dividend in the carriage 


(Continued on page 192) 
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How to lay out 


or a-¢ and d-c motor controls 


H. F. LITTLEJOHN, JR. 






panels 


Application Engineer 
Ward Leonard Electric Co. 


AYOUT of the control panel is the third im- 

portant step in design after preparing the motor 

controller schematic or elementary diagram and 
selecting the ratings and types of control devices. (1, 2 
and 3*) On industrial motor controls containing only 
three or four components, panel. design is relatively 
simple and normally involves just a slight modifica- 
tion of a standard or catalog assembly. But where 
complex industrial applications are encountered, for 
example, multi-motor tool controls, panel design be- 
comes more involved. The control engineer, therefore, 
must give particular attention to panel layout for eco- 
nomical production, maximum operating 


* Italic numerals in parentheses apply to references at end of article. 





efficiency, 


convenient installation and simplified servicing of the 
control equipment. It is the purpose of this article to 
outline the basic procedure for laying out motor con- 
trol panels as a guide’ to those building their own as- 
semblies from purchased control devices. 

Below are listed several standards containing help- 
ful information and recommendations for motor con- 
troller design: 


“NEMA Standards for Industrial Control,” Pub. No. 1C1 
—1949, National Electrical Manufacturers Association. 

“Standard for Industrial Control Equipment,” Pamphlet 
No. 508, reprinted June 1949, Underwriters’ Labora- 
tories, Inc. 

“Machine Tool Electrical Standards with J.I.C. Standards,” 





Fig. 1—Standardized contactors intended primarily for general industrial and machine tool motor controllers. Mougting 
base dimensions of these size 1, 25-amp contactors conform to NEMA standards and are identical for both d-c (left) 
and a-c (right) contactors. Dynamic brake NC contacts (center) can be mounted on either side. 
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Basic procedures are outlined for design- 
ing the physical layout of industrial mo- 
tor control panels, beginning with use of 
component templates. Importance of using 
standardized control devices, types of pan- 
els, available space, electrical clearances, 
arcing distances, enclosure temperatures 
and panel materials are considered in the 


first part of the article. 


revised and adopted Sept. 13, 1950 by National Ma- 
chine Tool Builders Association. (ELEctricAL MANu- 
FACTURING reprint available. ) 

“National Electrical Code,’ Standard of the National 
Board of Fire Underwriters, Pamphlet No. 70 (ASA 
C-1-1946, Suppl. C-1la-1949). 


Copies of these standards as well as all other appli- 
cable specifications should be reviewed carefully prior 
to control panel design. Although the four above listed 
standards are consistent as to recommendations, some 
useful data will be found in one standard that does not 
appear in others. 


Control Panel Layout Procedure 


The procedure universally followed in motor control 
panel design after the schematic diagram has been pre- 
pared is outlined as follows: 


Step 1—Select control devices in accordance with applica- 
tion requirements and applicable specifications. (3) 

Step 2—Arrange templates of devices in the best possible 
order on the drafting board consistent with safe 
electrical clearances. 

Step 3—Choose type of panel and panel material. 

Step 4—Specify type and size wire for interconnecting 
power and control circuits. 

Step 5—Select type of connectors for panel wires. 

Step 6—Determine number, size and type of clamps, cleats, 
tubing and other miscellaneous items required. 

Step 7—Select suitable enclosure for housing main panel. 

Step 8—Make separate layout for door-mounted equipment 
or master control stations. 


A representative list of control components, acces- 
sories and instruments commonly used in general-pur- 
pose and machine tool motor-control panels is given in 
Tables I and II on the following pages. Besides these 
devices, reactors, electronic tubes and others not listed 
are occasionally incorporated as part of the control 
panel. Control devices such as pressure switches, limit 
switches and controlled devices like solenoids and mag- 
netic brakes are normally mounted external to the con- 
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ee, 


This a-c reversing primary-resistance 
starter uses individual insulating panel 
construction and back-of-board wiring. 


troller enclosure and therefore are omitted from the list- 
ing. However, these associated devices should not be 
overlooked by the panel designer for they affect selec- 
tion of main panel devices with respect to size, rating 
and location. 

The importance of standardizing on those devices 
frequently applied cannot be overemphasized. Standard- 
izing on certain types and makes simplifies the prob- 
lem of buying, stocking, assembling and servicing con- 
trol equipment. The problems encountered in panel de- 
sign will likewise be simplified. 

An increasing number of machinery and equipment 
manufacturers find it more economical to stock stand- 
ard types and sizes of control devices than to order 
limited quantities for each specific job. The industrial 
control manufacturers have aided this program by of- 
fering standard components with interchangeable parts. 
This practice reduces the amount of stock that machin- 
ery or equipment builders must carry and allows them 
to build up components to meet specific requirements. 
It also frequently eliminates the need for costly special 
designs. 

Fig. 1 shows a typical line of a-c and d-c solenoid 
contactors recently developed to meet standard as well 
as specialized control applications. Mounting base di- 
mensions on size 1, 2 and 3 a-c units are identical and 
interchangeable with those for d-c contactors of the 
same size. Electrical auxiliaries, overload relays and 
mechanical interlocks can be easily added as required 
to the basic contactor. Another unique feature is that 
both a-c and d-c types can be equipped with normally 
closed dynamic brake contacts thus combining the func- 
tions of dynamic braking and line contactors in a single 
unit. A-c units can also be equipped with d-c solenoids, 
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Table II—Typical Instruments for Industrial 


Motor Controls 


Basic Functions 


Classification 


General Location 


Voltmeter Voltage measurement 

Mount in enclosure 
doors or in separate 
meter panel at top. 
Arrange in horizontal 
rows, preferably at 
eye level. Consider 
height at which con- 
troller will be mount- 
ed above the floor. 
Often mounted inop- 
erator control panels. 


Ammeter Current measurement 


Frequency indication in 
cycles 


Frequency 
meter 


Power 
factor 
meter 


Indicates phase rela- 
tionship between cur- 
rent and voltage 


Synchro- 
scope 


Phase relationship, be- 
tween two voltages, i.e., 
alternator and bus 


Wattmeter Power measurement 


or kilowatt 


meter 


and conversely, d-c contactors can be supplied with a-c 
coils. The latter type is advantageous for variable-speed 
drive controls and similar applications where d-c volt- 
ages vary to such an extent that the use of d-c control 
circuits becomes impractical. This arrangement is also 
useful where precision snap switches, sensitive relays, 
and other devices of low d-c current carrying and in- 
terrupting capacity must pilot the contactors. 

Unit type components with front-connected termi- 
nals are favored by many control designers because they 
simplify panel layout, drilling, wiring and inspection. 
The Machine Tool Electrical Standards call for front- 
connected control devices except such d-c and large a-c 
equipment as is not commercially available for front 
connection. Some devices such as the larger size mag- 
netic contactors and others like knife switches, as- 
sembled on insulating panels, employ back-of-board 
terminals or connection studs, but most types are also 
available with front-of-board terminals. When _back- 
connected terminals are used, full access to the rear of 
the panel should be pro- 
vided wherever possible by 
equipping the enclosure 
with back doors, removable 
back panels, or hinged pan- 
els. 

Besides design and con- 
struction of the various de- 
vices, all the conventional 
selection factors such as 
voltage, current and horse- 
power rating, frequency, 
duty cycle and others must 
be carefully considered for 
proper operation. (3) Spe- 


cific data on all devices 





Table Ill 


Clearance Spacings 


Industrial Control Equipment 


Between any uninsulated live part and 
an uninsulated live part of opposite 
polarity, uninsulated grounded part | 
other than the enclosure, or exposed 
: metal part 
should be obtained from the — 


cardboard, show the individual control device in out- 
line form, full scale. Within the outline are indicated 
the location and size of mounting holes. Each tem- 
plate should be labeled with the name of the device, 
identifying number, rating, manufacturer and depth of 
the device in inches. For example, a typical template 
would be marked, “Magnetic Relay, Cat. No. 130-6520, 
2 pole NO, 25 amp 115 volts a-c, 60 cycles, company 
name, depth 3% in.” 

A few manufacturers of electrical control devices 
will furnish templates on request while others will sup- 
ply dimension sheets from which templates can readily 
be made. New devices and revisions in old designs 
should be added to the template file immediately on re- 
ceipt of information to avoid delay when work on the 
actual layout begins. 

The next step is to arrange the necessary templates 
in the best order on the drafting board to simulate con- 
troller assembly layout. From this preliminary layout, 
final assembly drawings and wiring diagrams can be 
made to any scale desired. 

Because of wide variances in control panel applica- 
tions, no specific recommendations that will apply to 
all applications can be given for the exact physical lo- 
cation of control devices on the panel. Each job pre- 
sents a somewhat different problem, some complex, 
others relatively simple. However, as a general guide, 
suggested or preferred locations together with cautions 
to be observed are outlined in the last column in Tables 
I and II. 

When deciding where to locate devices on the con- 
trol panel, the following basic factors must be consid- 
ered: Available space, wiring distances, electrical and 
mechanical clearances, enclosure air temperature, weight 
distribution and appearance. 

Available Space. It is considered good practice to 
make the control panel as compact as possible without 
sacrificing safety or hampering accessibility. A small 
size panel is particularly desirable where the control as- 
sembly must be built into a cavity in the machine, be- 
cause an unnecessarily large control panel increases 


Special 
motor 
controllers 
1 hp or less 


General 
industrial 
control 
devices 


Other 
small 
devices 


| Rated volts | Rated volts | Rated volts 
51-150 51-300 51-150 
151-300 151-300 

301-600 301-600 


Minimum clearance spacings, in. 


Through 
air or oil 


Over 
surface 


Between any uninsulated live part and | Shortest 
the walls of a metal enclosure, including | distance 
fittings for conduit or armored cable 


manufacturer. 

The most useful device in 
designing any motor con- 
trol panel is the component 
or accessory template. These 
templates, usually cut out 
of paper or light weight 





* The spacing between wiring terminals of opposite polarity shall be not less than }4 in. in any case if the 

tunel are in the same plane. A metal piece attached to the enclosure shall be consi to be a part 

of enclosure for purposes of this paragraph, if deformation of enclosure is likely to reduce spacings between 
i d li arts. f 

The tiie oteptel ‘ton NEMA and Underwriters’ Laboratories Standards for Industrial Control. 
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machine housing size and consequently increases costs. 
However, where controllers are mounted on the out- 
side of the machine or remotely located on a wall 

the floor, compactness becomes less important. In fact 

the difference in panel and enclosure cost for a slightly 

larger assembly is generally insignificant compared with 

savings obtained by greater accessibility. 

Neglecting applications in which the available space 
is predetermined, most control panels assume either a 
wide form or a vertical rectangular shape. Extremes in 
panel width or heighth should be avoided. It is accepted 
practice to limit the width of an enclosed wall-mounted 
controller to conveniently accommodate a single hinged 
door or cover without placing excessive strain on door 
hinges. Usually single doors are limited to about 24 in. 
width. Wide doors should also be avoided because they 
require considerable aisle space to swing open fully. Al- 
though double-door construction is sometimes utilized 
on wall-mounted equipment to avoid excessive door 
width, it is more often specified on the larger floor- 
mounted controllers. Often substantial savings can be 
effected by laying out the panel to fit a standard size 
enclosure. 

Wiring. Simplicity of panel wiring should be consid- 
ered when locating components on the control panel. 
The main or load circuit wiring has more effect on 
component location than control circuit wiring because 
of its space factor. To achieve simplicity in panel wir- 
ing the following cautions should be observed: Avoid 
crossovers ; where possible avoid long wiring runs and 
returns, and allow ample space for wiring. For other 
precautions refer to paragraph on “Wire Selection for 
Power and Control Circuits” (Part II). 

Electrical Clearances. Spacings between live parts in 
industrial controllers should confirm with those values 
recommended by NEMA and Underwriters’ Labora- 
tories, for industrial control equipment, listed in Table 
III. It should be recognized that these spacings repre- 
sent minimum values for alternating and direct cur- 
rent, but where excessive dirt, oil or moisture is pres- 
ent, these clearances and creepages should be increased 
for more adequate protection. 

Spacings listed in Col. 1, Table III are those most 
widely used. Values in Col. 2 apply only to controllers 
having a rating of 1 hp or hon. while those in Col 3 
pertain only to small devices rated 300 volts or less, 
1 hp or less or 1500 va or less. In the case of snap 
switches, lamp holders and similar wiring devices in- 
cluded in the control, spacings need not comply with 
Table III provided the devices are not used in motor 
circuits. 

Arcing Distances. The next design consideration is 
arcing distances on devices such as magnetic contactors 
and on larger control relays in which the arc is not to- 

tally confined. When the contacts of such devices inter- 
rupt a load circuit, the resulting arc is normally drawn 
upward by the action of magnetic blow-outs. If clear- 
ances between arcing contacts and adjacent devices or 
enclosures are insufficient, serious damage may result. 

Since no provision is made in the aforementioned 
standards for minimum arcing distances, recommenda- 
tions as to safe clearances should be obtained from the 
manufacturer of the particular device. Usually compo- 
nents with unconfined arcing contacts are arranged at 
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Fig. 2—Horizontal and vertical steel straps are used for 
mounting components of this a-c dual motor full-voltage 
multispeed reversing controller. 


the top of the panel. Components such as solenoid con- 
tactors in which the arc is partially or fully enclosed 
offer an advantage because they can be located any- 
where on the panel, increasing layout flexibility, mini- 
mizing arcing hazards and in some instances conserv- 
ing space. 

Mechanical Clearances. Ample space between devices 
should be provided for running control and power wir- 
ing, for proper mechanical operation of components and 
for convenient inspection and parts replacement. In ad- 
dition, devices should be so located on the panel that 
adjustments or replacement of parts can be made with- 
out removing the entire device or adjacent devices from 
the panel. Panel wires should be spaced at least % in. 
from any moving part. 

Enclosure Air Temperature. Air temperature within 
an enclosed control panel is governed by: amount of 
heat dissipated by the various components; size of the 
enclosure, and type enclosure, nonventilated or venti- 
lated. Where the components are closely confined, the 
air temperature within the enclosure will be higher 
than if the same components are mounted in a larger 
enclosure. The enclosure air temperature, in turn, has 
a direct effect on the performance of all devices, espe- 
cially thermal overload relays, bimetallic timers and 
other thermal-operated devices. 

Starting resistor banks and similar large heat gener- 
ating devices should be located to avoid overheating 
associated devices. High-current resistors should be 
mounted near the top of the panel, and preferably in 
back of the panel. Where practical, thermally operated 
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Fig. 3 (Left)—Individual steel panels are used for mounting components on this 35-hp two-speed primary resistance 
motor controller. Starting resistors are at top rear. Fig. 4 (Right)—D-c magnetic starter with current-limit acceleration 
and watertight enclosure, rated at 30 hp. Components mounted on an ebony-asbestos insulating panel. 


devices should be located toward the bottom of the 
panel. To prevent excessive overheating, adequate nat- 
ural or forced ventilation should be furnished in the 
compartinents housing resistors. 

Since the temperature rise within a nonventilated en- 
closure is dependent on a multiplicity of factors—size, 
shape, material, finish and circulation of air both inside 
and outside—it is difficult to calculate this value pre- 
cisely. Experience has shown, however, that in nonven- 
tilated enclosures of the shape normally used for con- 
trol equipment, the air temperature within the enclos- 
ure will rise 1 deg C for every 1.5 to 3.5 watts per cu ft 
dissipated by the enclosed components. In arriving at 
the figure for watt losses, all heat producing elements 
should be considered, including resistors, reactors, over- 
load device heaters, magnet coils and even wiring. The 
1.5 watts per cu ft figure will apply to large boxes in 
the order of 12 cu ft, whereas smaller boxes, in the 
order of 1 cu ft will approach the value of 3.5 watts 
per cu ft. 

Weight Distribution. Arrangement of components for 
even distribution of weight on the panel is a relatively 
minor consideration on the lower horsepower control- 
lers, but it becomes increasingly important as the size 
of the control apparatus increases. Perfect distribution 
of panel weight is rarely achieved and is seldom essen- 
tial. However, panels should not be designed so that 
they are top heavy or cumbersome. Besides being diffi- 
cult to install and remove from an enclosure, the unbal- 
anced panel presents added hazards to installation or 
maintenance personnel. Heavy components like auto- 
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transformers should be located at the bottom of the 
panel. On panels involving a large number of compo- 
nents, it is often preferable to divide the assembly in 
two or more sections, thereby distributing the weight. 

Appearance. It should be recognized that the motor 
controller presenting an attractive appearance implies 
equipment properly engineered for efficient service. The 
less attractive panel may function correctly but may be 
unsatisfactory from a sales viewpoint. Naturally the 
circuit and the type of devices involved place certain 
limitations on overall panel appearance. Nonetheless the 
control designer should strive for a balanced and sym- 
metrical layout. Often by rearranging the components 
to achieve more eye-appeal, other worthwhile benefits 
such as ease of wiring and increased accessibility can 
be obtained. 


Selection of Type Panel and Panel Material 


Industrial control panels are built up in one of three 
types: steel strap, sheet steel and insulating panels. 
Choice of the best type panel for a specific application 
depends mainly on the size, type and number of con- 
trol devices involved, and on cost, weight, mechanical 
strength and other factors. 

In steel strap construction, Fig. 2, control compo- 
nents and accessories are mounted in one or more rows 
between steel straps. The ends of the straps are fast- 
ened to vertical metal supports with suitable mounting 
holes for securing the entire framework. Besides being 
the most economical method of mounting devices, steel 

(Continued on page 193) 
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Polvester-olass laminates 
or motor parts 


Other insulating components too are economically fabricated from these new mate- 


rials that combine excellent are resistance, heat resistance and mechanical properties. 


ROGER B. WHITE 


President 
Laminated Plastics, Inc. 


GREAT DEAL of progress has recently been 
made in the development of _ glass-fiber- 


reinforced polyester plastics for electrical in- 
sulation. For many years glass-fiber materials have 
been a recognized standard of excellence for such 
applications. Electrically and mechanically they are 
highly stable, have high thermal resistance, and when 
impregnated with such thermosetting resins as the 
phenolics, silicones and melamines, have provided very 
useful laminates. Now, when combined with polyester 
resins, which offer a high order of heat and arc re- 
sistance, the resulting products offer important new 
application advantages. 
These polyester-glass laminates are actually the 
outgrowth of wartime developments which called for 
lightweight, high-impact, structural materials for air- 


Fig. 4 (Left)—Polyester-glass slot wedges in a Reliance 


craft use. They were employed also during the war for 
personnel flak armor, aircraft structural parts, and 
many other mechanical applications. It was only after 
the war that the significant electrical characteristics 
of these laminates came to be fully realized. They have 
been found particularly useful where phenolics exhibit 
their inherent poor resistance to carbon tracking; and 
also where superior resistance to shock or impact load- 
ing is needed. 

Polyester-glass laminates characteristics are indi- 
cated in the accompanying charts. Note particularly how 
much better their properties hold up after prolonged 
exposure to Class B temperatures (125 C to 150 C), 
especially in impact strength. These charts do not show 
the decreased blistering or warpage characteristics in 
which the difference is equally pronounced. Note also 


150-hp a-c mill-drive motor. Fig. 5 (Right)—Some 


polyester-glass molded parts: (a) small transformer housing; (b) brush-holder studs; (c) magnet lead insulator; 
(e) coil lead ferrule plate; (f) field-coil bobbin; (g) fan hub; (h) tramrail strain insulator; (i) spacer housing. 
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the very favorable comparison in arc-resistance values 
for these materials. 

In the form of rigid panel stock, this new material 
is already displacing phenolic laminates in many such 
applications as mounting plates for power switchgear 
apparatus, transformer coil-spacer stocks, coil end 
plates, slot wedges on motors, busbar supports, and 
many other heavy-duty uses. And as thin flexible di- 
electric sheet it is being used in place of mica for in- 
sulation washers, slot cell liners, coil layer insulation 
and similar applications. 

Polyester-glass material is also available for molding. 
It is being used in place of many other materials wher- 
ever a combination of high impact strength, good re- 
sistance to elevated temperatures, and good resistance 
to carbon tracking is required. Applications include 
live-rail support insulators for crane or other trolley 
systems, brush-holder insulators for large traction 
motors, lead ferrules and protectors for lifting magnets, 
and other built-in uses for power-apparatus insulating 
parts. 


EDITOR’S NOTE—The terms “polyesters” and “alkyds” 
are frequently used interchangeably and loosely. Chem- 
ically, the relationship is close but there is a distinction. 
Alkyd resins are essentially the saturated reaction prod- 
ucts of a polyhydric alcohol, such as glycerol, with a 
polybasic acid, such as phthalic, maleic or sebacic acid. 


They are thermosetting in nature and both in modified 
and unmodified forms have been extensively used in 
the formulation of organic coatings; in fact they repre- 
sent the largest volume of synthetic resins in finishes. 
Polyester resins, to be precise, are produced by the 
copolymerization of unsaturated alkyd resins with a 
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Fig. 1—Arrow shows Glastic polyester-glass laminate 
washers for field coil in 50-hp d-c mine motor built 
by Reliance Electric and Eng. Co. Fig. 2—The same 
material in a tap-changer plate for a current-reversing 
switch in a Lincoln Electric welding machine. Fig. 3— 
Contactor mounting plate for airborne frozen-food 
oven is also fabricated from polyester-glass laminate 
(Mansfield Aircraft Products Co.) 








Several case histories will now serve to illustrate 
typically advantageous applications: 

Coil end washers or flanges for d-c motor equipment 
are illustrated in Fig. 1. These are field coils in 50-hp 
mining-machine traction motors which are of fully en- 
closed explosion-proof design and operate under Class 
B temperatures (nominal 125 C rise), extreme over- 
load conditions, and very rough mechanical abuse. 

The importance of dimensional stability and reten- 
tion of good physical properties under these extreme 
conditions is obvious. Any weakening of the coil 
washers would allow loosening of the field coils and 


monomer such as styrene or diallyl phthalate. These 
resins can be utilized to produce laminates of excellent 
properties at low pressures and with comparatively 
simple techniques. 

As pointed out in this article, the polyester resins, 
when suitably reinforced with glass fibers, provide 
structural materials of exceptional physical strength, 
thermal resistance and dimensional stability combined 
with good electrical properties. They constitute a class 
of materials with growing potential applications for both 
insulating and mechanical components in electrically 
operated products. 
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would result in abrasion and ultimate shorting out of 
the coil insulation. These parts are produced by band 
sawing from *%,;-in. flat sheet stock. The Grade C 
canvas phenolic previously used in these parts would 
sometimes fail in service due to heat embrittlement 
) whereas the polyester-glass laminates have given no 
) trouble since their adoption several years ago. 
A reversing switch plate (Fig. 2) is used on a 120- 
volt d-c inductive-field rotating-type arc-welding gen- 
erator. The switch must be thrown open under full 
5-amp d-c load which results in a brief but substantial 
arc between the contactors. Economy of design dictated 
the use of low, riveted-in-place, contact elements on this 
switch as illustrated. Arcing occurs very close to the 
surface of the insulating panel and a phenolic laminate 
would quickly develop carbon tracking under these 
conditions and become useless. This part is produced 
by cold blanking from %-in. flat sheet stock. This is 
a new design and it would have been necessary to use 
glass-melamine at considerable greater cost if a glass- 
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polyester had not been available for the application. 

A food-oven terminal panel (Fig. 3) carries the 
contacting blocks for the automatic heating element 
leads in an airborne frozen-food heating oven used by 
airlines for thawing and heating meals. This panel is 
subject to intermittent temperatures up to 400 F, and 
extreme variations in humidity. It must not warp, or 
weaken against the pressure of the inserted contactor 
and must not allow creepage paths to develop between 
elements even under the extremely humid conditions 
involved. This polyester-glass part is produced by 
shearing, punching, and drilling '-in. flat sheet stock. 
Various asbestos-composition panel materials, which 
might otherwise have been used in this application, 
would be too brittle in the same thickness and exces- 
sively heavy in sufficient thickness. 

Stator coil slot wedges in a 150-hp totally enclosed, 
fan-cooled, mill-drive motor shown in Fig. 4 are re- 
quired to hold the coil windings tightly in place over 
the life span of this motor regardless of wide tem- 
perature and humidity var- 
iations encountered under 
frequent overloads. They 
must resist shrinkage or dis- 
tortion under indefinite ther- 
mal cycling and under elec- 
tro-mechanical stresses of 
the coil windings. These 
parts are sawed and edge 
milled from *%49-in. flat 
sheet stock. Prior to 
the use of polyester-glass 
laminates Grade C canvas 


Fig. 6-9—Comparative test data: 
Impact strength, flexural strength, 
and moisture absorption vs tempera- 
tures of polyester-glass laminates 
and other laminates. Fig. 10—Are 
resistance comparison. (Source all 
charts: Laminated Plastics, Ine.) 
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Table I—Comparative Properties of Various Rigid Sheet Insulating Materials" 








Grade Grade 
GW GF 

Glastic> Glastic 
Flexural, as received (psi) 53,200 34,000 
Flexural after 200 hr, 150 C 45,000 32,200 
Impact, as received (Izod) 25.0 19.2 
Impact after 200 hr, 150 C 22.2 25.2 
Compression (psi) 7,500 53,100 
Rigidity (Youngs modulus) 3.38 2.84 
Specific gravity 1.65 1.55 
Water absorption, as received 0.61 0.36 
Water absorption after 200 hr, 150 C 2.15 0.61 
Arc resistance (ASTM, sec) 120 60 
Dielectric strength, 30% R. H., vpm 212 280 
Dielectric strength, 90% R. H., vpm 176 220 
Dielectric constant (at 1 mc) 4,28 3.86 


Power factor, per cent at 1 me 0.009 0.009 


« Source: Laminated Plastics, Inc., based on actual test data reported by an independent laboratory on specimens indentified only by number. Material all 


l-in. thickness. 


Grade Grade Grade Grade Grade Grade 
MM C A 


AA G5 Gl 


Glastic Phenolic Phenolic Phenolic Melamine Phenolic 





24,900 17,800 13,000 18,000 40,000 32,300 


29,800 6,600 20,000 22,000 24,000 33,300 
17.8 5.6 3.6 8.5 16.6 20.4 
17.9 0.7 5.1 7.6 19.6 19.6 

42,300 34,000 33,000°¢ 34,000°¢ 50,000¢ 10,000°¢ 
1.87 1.03 0.9¢ | he 2.5° 2:8 
1.59 1.38¢ 1.8° 1.8° 2.0° 2:02 
0.44 1.02 1.10 iy: 1.29 0.63 
0.60 3.97 1.10 2.33 5.85 1.29 

150 5 5° o¢ 180° 5° 
300 187 262 61 440 175 
275 150 255 56 275 375 
3.93 7.0 7.0 7.5 6.5 4.8 
0.013 0.010 0.197 0.59 0.015 5 


» Glastic is the Laminated Plastics’ trademark for polyester-Fibreglas laminates. 


¢ Taken from published commercial values. 





phenolic was frequently employed in this application 
with the consequent hazard that these pieces would be- 
come excessively weak and brittle under the high tem- 
peratures encountered under extreme overloads. 

Adaptability of polyester-glass materials for com- 
pression molding is shown in Fig. 5. Reasons for select- 
ing polyester-glass in preference to other available 
rigid molding materials were: greater impact strength, 
better heat resistance and arc resistance. 

The various charts (Figs. 6-10) indicate the relative 
effect of elevated temperatures and arc exposure on 
different laminates. Note that tests were made after ex- 
posing test samples to a specific elevated temperature 
for 200 hr. The test conditions cited were selected be- 
cause it was felt that 150 C is sufficiently in excess of 
any anticipated Class B operating temperatures to 
make a 200-hr. test comparison at this temperature 
valid for full equipment life performance at the some- 
what lower and usually intermittent heat exposure 
found in service. The values shown are based on 
laboratory tests of commercial samples selected at 
random from production runs of these materials or 
purchased on the open market from responsible sources. 

Perhaps the most important difference in the various 
laminates tested is to be found in the comparative im- 
pact strength values as shown in Fig. 6. Ultimate 
cracking or other mechanical failure of insulating 
laminates in a well-designed product is more likely to 
occur in service due to vibration or some shock load 
rather than to simple static load factors. Impact strength 
measures resistance to this type of failure and impact 
strength after long exposure to operating temperatures 
is most important of all. 

Adequate flexural strength is necessary to sound 
design and it must be determined in terms of strength 
remaining after long periods at operating tempera- 
tures. This property is shown in Fig. 7. Moisture ab- 
sorption characteristics frequently control the point of 
ultimate electrical failure of rigid insulating parts and 
again the performance after exposure to operating tem- 
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peratures is more important than “as received” per- 
formance. These values are shown in Fig. 8. 

Carbon tracking, the tendency of most insulating 
materials to develop a conducting short-circuit path 
under the action of an electric arc passing over the 
surface (or a creepage current passing through dirt on 
the surface) is a frequent cause of failure in control 
apparatus and similar equipment. Phenolic materials 
are notoriously poor in this respect and have therefore 
been avoided wherever possible in many applications 
despite their otherwise highly desirable properties. 
Alkyd-base polyesters, on the other hand, are quite 
highly resistant to carbon tracking (see Fig. 9). 

Polyester-glass laminates have the further advantage 
of ‘‘wiping clear.” Current, persistently passed through 
surface dirt on a polyester-glass part or in an arc over 
the surface, does not burn the usual deep permanent 
track into the material, but leaves only an easily remov- 
able, broad surface carbon deposit. This deposit can be 
wiped clean, leaving a nonconducting surface again. 

All plastics laminates tend to weaken at elevated 
temperatures. The extent of this weakening varies 
widely with different materials and this difference can 
be very important since an insulating part must be 
strong enough to do its job even under the high tem- 
peratures of overload conditions. Fig. 10 shows the 
effect of temperature on the strength of various lami- 
nates as measured in terms of their resistance to de- 
flection. It is a short-time test made on “as received” 
stock and shows the amount of deflection or “sag” 
measured in identical specimens over the full range of 
temperatures shown. 

Owing to their special advantages, the polyester-glass 
laminates and molded grades are sure to find a steadily 
growing field of uses. While they are not to be com- 
pared with some of the “high hats” of the trade, such as 
silicone or glass-bonded mica products in certain special 
properties, the polyester laminates do offer very signi- 
ficant general property advantages without prohibitive 
cost. oo00 
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TODAY'S 
PRODUGY 


Window 
Gives Visual 
Ceoeking Control 


New automatic roaster has 
a heat-resistant window in 
the lid to watch foods 
during cooking. Thermo- 
stat dial is behind window 
in front. Cabinet designed 
for roaster has automatic 
timer. Outside finish is 
white baked enamel; han- 
dies, trim in gray plastics. 
General Electric Company, 
Bridgeport, Conn. 


Small Household Floor Machine 


Handle is detachable in this small §_ duces output shaft speed to about 
polisher to permit use of motor as 500 rpm. Lubricated-for-life uni- 
a portable tool. Planetary gear re- _— versal motor; die-cast gear case. 


nal Manufacturing Company 
= Mass. : 


Dynamic Micrometer 


Micro - inch displace- 
ments of the moving 
core of a_ differential 
transformer are magni- 
fied electronically — in 
stepped ranges up to 
10,000 to 1 on the cen- 
ter-zero meter, or fed to 
relay, recorder or servo. 


Industrial Electronics, Inc. 
Detroit 
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Power precision-setting device on this heavy-duty machine 
positions column along runway, or head vertically on col- 
umn, with an accuracy of 0.00025 in. from pendant con- 
trol. Separate variable-voltage feed motors, each with own 


Heavy-Duty Floeor-Type Horizental Milling Machine 








control and tachometer on pendant station. Spindle driven 


by 100-hp two-speed motor through speed changer giving 
2.5 to 500 rpm in 24 steps. Automatic power clamping 


and clutch shifting for runway and head. 


The G. A. Gray Company, Cincinnati 
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Kitchen Ventilator 
Designed for screwdriver installation; 10- 
in. fan delivers 1000 cfm free air. White 
baked enamel wall plate with chrome cen- 
ter removable for installation or cleaning 
in service. Appearance design by C. E. 
Waltman & Associates. 


Nutone, Incorporated, Cincinnati 
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Home Tape Recorder — 
High-fidelity magnetic tape model supplements line of 
wire recorders. Records on double tracks at both 334 
and 714 in. per sec on spools interchangeable with other 
tape recorders. Fast forward or reverse at 400 fpm. Built- 
in 6-in. speaker; case is burgundy leatherette. 


Webster-Chicago Corporation, Chicago 














TODAY'S 
PRODUCT 
DESIGNS : Variable-Speed 


Spindle Drive 
Direct drive plus two sets of back 
gears give spindle speeds from 
22 to 3600 rpm in either direction, 
infinitely adjustable through vari- 
able-pitch V-belt drive. Neutral 
clutch stops spindle without stop- 
ping drive; brake on motor for 
instant stopping. Gear box pro- 
vides 72 feeds and 84 threads; 
electric carriage control stops or 
reverses travel. Control knobs and 
handles are all stainless. 
Rivett Lathe & Grinder, Inc., Boston 


Restyled Electric Water Heater 


Operation is completely automatic with controls ad- 
justable over range of 120 to 180 F. Glass-wool in- 
sulation is 3 in. thick. Steel shell is rust resistant, 
finished in white Dulux. Oven temperature relief 
valve outlet; magnesium rod to inhibit corrosion. 
Frigidaire Division, Dayton 
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Makes Pressure Cooking Automatic Portable Control Tower for Airports 


New cooking device is a 4-qt. self-venting pressure Two-way VHF voice communication system combines 
pan with heat-controlled electric stove and 60-min transmitter, receiver, power supply and speaker in 
timer. Cooks at either 10 or 15 psi; reduces power to case 13 in. long, 9 in. high. Transmits 2 watts on 
warming level at end of set time. 122.8 mc; receiver tuneable over 108-127 mc. 


Proctor Electric Company, Philadelphia Lear, Incorporated, Grand Rapids 
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Battery-Powered Tractor 


Only 44 in. long, this small tractor is useful in crowd- 
ed quarters and small plants. Seat adjustable to face 
either direction. Drawbar pull up to 800 lb; no-load 
speed is 4 mph. Overall width is 30 in. 


Market Forge Company, Everett, Mass. 





Ultrasonic Locator for Medical Use 





Reflected high-frequency sound is used in this clini- 
cal tool to measure depth of foreign bodies in tissue. 
Crystal drives a water-filled plastics probe making 
good acoustical contact with skin. Depth measured 
from calibrated trace on oscilloscope. 


General Precision Laboratory, Pleasantville, N. Y. 
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Designing an alr Dr eak contactor 


for high-voltage service 


Market study showed need for a product rated up to 5000 volts. Design 
engineers started from scratch, had to meet not only users’ needs, but 


also own company’s requirements for production economy. Final de- 


sign solved compactness requirement by a straight-line, vertical-action 


construction, introduced several novel design concepts in operation. 


T. H. BLOODWORTH, Engineer, Control Section, Electrical Department, Allis-Chalmers Manufacturing Company 
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NDUSTRIAL control equipment has, in the past, 
I generally used air-break devices for low-voltage 

service (600 volts and below) and contacts open- 
ing under oil for high-voltage application (2000 to 
5000 volts). Recently, the tendency has been towards 
the use of air-break devices both on switchgear and 
industrial control equipment, for high-voltage applica- 
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Fig. 2 Fig. 
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Fig. 2—Interaction between magnetic fields surrounding 
current conductors and the are produces natural blowout 
effect. Fig. 3—The first experimental contact-structure 
in a six-step development using the double-break principle. 
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tions as well as for use on low voltages. This change 
in preference has been caused primarily by the reduc- 
tion in maintenance due to longer contact life in the 
air-break devices and elimination of oil testing and 
changing. The possibility of fire resulting from failure 
of an oil-emersed device is also a serious problem. 
After a market survey to determine the need for a 
line of control equipment utilizing high-voltage air- 
brake contactors, Allis-Chalmers decided to go ahead 
with the development. The contactors, which are the 
heart of any industrial control, were to have ratings 
suitable for use with the full range of motor sizes 
covered by industrial control equipment. Oil-immersed 
contactors were generally available with ratings of 200 
amp at 2500 volts and 50 amps at 5000 volts. High- 
voltage air contactors were rated up to 200 amps at 


Fig. 4 


i 


Angle at point A caused arc to hesitate before rising; are 
also had a tendency to restrike at B. Fig. 4—Two steps 
later, a wider heart-shaped moving-contact structure pro- 
vided excellent interruptions at high currents, but was slow 
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2500 volts. For motors with current ratings exceeding 
these ratings it was necessary to go to oil or air 
circuit breakers. It was desirable to have contactors 
with ratings up to 400 amp at both 2500 and 5000 
volts. 

These devices must not only meet all existing re- 
quirements set up by AIEE and NEMA but also 
any additional future requirements which could be 
foreseen. Since these devices would be used in con- 
junction with circuit breakers for back-up protection, 
it was felt probable that eventually the same insula- 
tion levels would be specified for both types of equip- 
ment. Contactors were required to meet NEMA stand- 
ards calling for an interrupting ability of ten times 
their rated capacity and to withstand a dielectric test 
of 2000 volts plus 2-% times rated voltage. Switchgear 


Fig. 5 











to function at low currents without additional blowout 
effect. Fig. 5—Final design, employing an _ L-shaped 
magnetic structure that extends upward along the side of 
the are runners, was found to increase rate of are travel. 
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Fig. 1—Left, is the first development model of the Allis- 
Chalmers Type 256 high-voltage air-break contactor, with 
one chute removed. In this design are runners for movy- 
able contact and intermittent-duty blowout coils were 
mounted inside are chute, connection being effected 
through switch clip shown in foreground. Defect in this 
design: excessive size. Right, the final model is show 

fully assembled. Extra dielectric strength provided by 
pressed wood barriers between phases. A multistage 
auxiliary switch is side-mounted. Note gain in compact- 

ness through vertical-action design. 


devices rated for 2500-volt service at the time the de- 
velopment was started, were required to withstand a 
dielectric test of 15 kv and an impulse test of 45 kv, 
while devices, rated for 5000-volt service must with- 
stand a 19-kv dielectric test and a 60-kv impulse test. 
(A suggested standard for future design, specifying 
these insulation levels, has been adopted by NEMA 
since this development was initiated). The device 
should have an a-c operating magnet, thereby avoiding 
the use of rectifiers on applications where d-c control 
voltage is not available, as is generally in small indus- 
trial plants. 

To be satisfied from the user’s viewpoint, the con- 
tactor should have a long life, with little maintenance ; 
should be trouble free to insure continuity of service; 
and should be as compact as possible. -From a com- 
mercial viewpoint, the contactor should be so designed 
that it can be manufactured and sold at a profit and 
have “sales appeal.” From an engineering viewpoint, 
it should contain as few parts as possible and should 
use components already in production where possible, 
thereby cutting down tooling costs and reducing in- 
ventory. 

First Contactor Design. When the request by our 
commercial group for development of a line of air- 
break contactors was received in the engineering group, 
and an authorization to cover the cost of the develop- 
ment had been approved, the engineering group first 
made a thorough search of all prior devices. A patent 
search was made, and competitive devices were studied. 
After preliminary studies were completed, the develop- 


93 



































ment committee decided that the design should be 
based upon the conventional rotating shaft carrying 
movable contacts, actuated by a clapper-type magnet. 
Fig. 1 (left) shows the first test-model air contactor 
(contrasted with the final design). The three arc 
chutes shown in the test model represent three different 
types tested. The auxiliary contact structure mounted 
in the upper right-hand corner was a standard device 
used on existing oil contactors. The clapper-type operat- 
ing magnet was the same as that used on the oil- 
immersed contactor. The contact tips were stock items, 
used on low voltage a-c air contactors. These three 
items would have represented the most expensive pro- 
duction tool requirements. 


Intermittent-Duty Blow-Out Coils Required 


Tests showed that the device could be made to 
meet our functional operating requirements at 2500 
volts, but for 5000-volt service, we would have to 
make the unit excessively large. It was found necessary 
to have a strong magnetic field surrounding the con- 
tact tips and extending above the tips to insure satis- 
factory arc extinction at the higher voltages and power 
values encountered. Coils with sufficient turns to pro- 
vide this magnetic field caused excessive voltage drop 
during normal starting operations when continuously 
in the circuit. This called for intermittent-duty coils 
to be inserted in the circuit to function in conjunction 
with continuous-duty blow-out coils to assure rapid 
transfer of the arc from contact tip to arc runners. 
There was always a tendency, too, for the are to hang 
on the contact tips momentarily before transferring, 
causing burning. 

Since it was found that the full interrupting range 
of each contactor could not be covered with one set 
of intermittent-duty blowout coils, it was necessary to 
have intermittent blowout coils rated 50, 100 and 200 
amp for the 200-amp rated contactor and intermittent- 








Fig. 6—First ceramic are chute was built up of individual plates sawed to shape and cemented. 


then cemented. Fig. 8—Final ceramic structure. 


Fig. 7 


continuous-rated device. This was costly trom both 
production and inventory standpoints. 

The device functioned satisfactorily but was not 
really acceptable from the commercial point of view. 
Overall dimensions of the contactor precluded any 
possibility of its use as a replacement for existing oil 
circuit breakers or contactors. After much consideration 
and discussion between the engineering and commercial 
groups, it was decided to abandon the design and embark 
on a completely new development. As it has since turned 
out, this proved to be a wise decision, although there 
was some doubt about it at the time in view of the 
amount of time and money that had been spent on 
the rotating shaft design. 

Basis of New Design. These considerations were 
set up: 

1. The new design should incorporate all require- 
ments previously outlined and should be small enough 
in size to be interchangeable with conventional oil 
contactors and oil circuit breakers, so that obsolete 
devices in service could readily be replaced. 

2. A contactor consists essentially of a current-carry- 
ing and interrupting mechanism, an operating, magnet 
and a coupling linkage. Arc-interrupting ability is con- 
siderably more difficult to achieve on a high-voltage 
contactor than current-carrying ability. Therefore, de- 
sign studies were based primarily upon structures best 
suited to obtaining good arc interruption. 

3. If an arc is established between two conducting 
members as shown in Fig. 2, interaction of the magnetic 
fields established by the arc and the current in the 
conductors will cause the arc to move rapidly upwards. 
It was decided that the new contactor should be based 
upon this principle, utilizing as much natural blowout 
effect as possible, and minimizing the requirements for 
additional magnetic fields from blowout structures. 

This contour, however, is very difficult, if not im- 
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Fig. 7—Next step to- 
ward improvement called for extrusion of the three sections, the V-shaped slot sawed with diamond saw, the sections 


Unequal spacings provide proper offset so that only one molding is 


rated coils for 300 amp and 400 amp for the 400-amp 
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possible, to obtain with a clapper-type operating mech- 
anism, In order to obtain sufficient spacing between 
the ends of the are runners, there must be an abrupt 
change in direction between the surface of the current- 
carrying contact and the are runner. But such abrupt 
changes are not conducive to are travel, and there is 
considerable tendencies for the arc to hang on to the 
contact tip rather than transfer to the arc runner. It was 
proposed, then, that a double-break device with suitable 
contours of stationary and moving current-carrying 
parts would provide a natural blowout effect together 
with many other important advantages. Accordingly, 
a model with the contact structure shown in Fig. 3 
was constructed and tested. 


Interruption Good at High Currents 


The “heart-shaped” moving contact in conjunction 
with the stationary contacts and arc runners gave 
almost ideal current and are paths for maximum inter- 
action between magnetic fields set up by the are and 
the current-carrying conductors. However, the sharp 
bend in the are runner at point 4 caused a hesitation 
in arc travel along the runner. Also, the narrow throat, 
point B, caused restriking when the are was rapidly 
extinguished before the deionization of the gases was 
complete. Despite these factors, it was readily apparent 
that the development was on the right track since the 
initial double-break contact had materially increased 
interrupting ability and overall dimensions were already 
much smaller than in former designs. 

A modified contact structure was next tested. Spac- 
ing at the upper end of the arc runner was the same as 
in the previous model. The vertical configuration of the 
arc runners caused the arc to move upwards rapidly. 
There was, however, considerale hesitation in establish- 
ment of a single arc; the individual arcs tended to hang 
on to the tip of the moving contacts. Accordingly, a 
third model, Fig. 4, combining the good features of 
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the two previous models was constructed. Performance 
was considerably improved. The arcs ran nicely and 
combined without any tendency to rest on the moving 
contact tips as in the previous model. Interruptions at 
intermediate and high currents were very good, but 
interrupting time at low currents (5 to 25 amp) was 
longer than was desirable. It was decided that magnetic 
blowouts would have to be added to decrease inter- 
rupting time at reduced current. 

Blowout Structure. Two types of magnetic blowout 
structures were tested. The first consisted of a single 
blowout coil on one stationary structure with the 
magnetic material extending across the contact area 
to the second contact. The second type of magnetic 
blowout structure tested consisted of blowout coils on 
each stationary contact with the magnetic structure 
extending inward from each side. The field strength 
obtained was checked by flux mapping and plotted. 
While it was found that a surprisingly uniform field 
was obtained with the first structure, tests showed a 
slightly better interrupting time on low currents for 
the second structure. Also, this construction gave great- 
er creepage distance and better dielectric strength 
between stationary contacts. In the final design (Fig. 5) 
the magnetic structure not only covers the contact area 
but extends upwards along the are runners. 

Arc Chute Study. The ideal are chute should not 
delay the upward movement of the arc, but should 
have a configuration which will lengthen the are as 
it moves upwards, at the same time cooling the gas in 
the arc chute below the temperature necessary to main- 
tain ionization. Also, it should be constructed of a 
material readily adapted to manufacturing processes. 
Asbestos-cement or asbestos-clay type materials have 
been commonly used for arc chutes, but they absorb 
moisture and give off undesirable gases when in in- 
timate contact with the arc. Tests were also made 
with arc chutes constructed of a zirconium-oxide cer- 
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needed for the two opposing halves of chute. Shape was selected on basis of arc-extinction speed; also because of ease 
of fabrication. Fig. 9—Path of are at various points in are chute. Design serves to speed up rate of dielectric re- 
covery, stops are from restriking. Interleaving fins lengthen and cool the are rapidly as it rises. 
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Fig. 10 (Left)—Copper forging for movable contact is bent into shape and seats for contact inserts machined. 
Fig. 11 (Right)—Detail of removable contact inserts on both stationary and movable contacts. 





amic previously used on the more expensive and much 
heavier-duty magnetic air-circuit breakers. 

Preliminary tests showed that this material was 
greatly superior to the asbestos-cement type material 
previously used. (In some of the units tested, substitu- 
tion of the ceramic material for the asbestos resulted 
in doubling the interrupting capacity without any 
further change). This ceramic does not give off any 
gases capable of supporting an arc even under extreme 
temperature conditions. The first ceramic arc chutes 
consisted of individual plates sawed to shape and 
cemented to ceramic spacers (Fig. 6). This method 
of manufacture was used because zirconium oxide 
material with satisfactory dielectric and arc-resistant 
qualities had in the past been impossible to mold. 
Necessary plasticizers to insure satisfactory molding 
greatly lowered the dielectric strength. But costs for 
this sectional type arc chute for contactor application 
were excessive. 

Next step in an effort to reduce costs and improve 
interrupting ability was to obtain an extrusion of the 
ceramic material which could have a V-shaped slot 
sawed in the center section and three extrusions com- 
bined to form an arc chute (Fig. 7). The arc was 
extended in a vertical direction at the top of the arc 
chute as indicated by the dotted line, but there was 
no horizontal extension. Later, however, suppliers de- 
veloped a technique whereby they were able to mold the 
zirconium oxide ceramic without introduction of a 
detrimental plasticizer, 

The final molding, two of which comprise one arc 
chute, is shown in Fig. 8. As the arc travels upward 
along the stationary arc runners, it is carried into the 
arc chute where it must travel around interleaving fins. 
In so doing, its path is continually lengthened in the 
horizontal direction as shown in sections AA, BB, CC, 
Fig.9. Beyond section CC, the interleaving fins extend 
completly across the arc chamber. These closed sections 
lengthen the arc in a vertical direction also as is shown 
in section DD. The arc chute lengthens, cools and de- 
ionizes the arc to rapidly increase the rate of dielectric 
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recovery, thereby preventing restriking of the arc. In 
its final form with interleaving fins closed at the top, 
the chute represents a major improvement over the 
earlier designs of the arc chutes. 

Current-Carrying Mechanism. The movable contact 
member on the first models was formed from hard 
rolled copper, with the are horns machined to shape, 
seats for the contact inserts also machined, and a slot 
milled in the base of the movable contact to reduce 
inertia. Manufacturing costs for this construction were 
excessive and it was decided to employ a copper forg- 
ing. This forging as obtained from the supplier was 
bent into shape, seats for the contact inserts were 
machined, and the contact was completed as shown in 
Fig. 10. Replaceable contact inserts of alloys highly 
resistant to arc damage are then mounted in both the 
stationary and movable contact members as shown in 
Fig. 11. In this manner, the contact surface is made 
flush with the surface of the arc runner, thereby facili- 
tating the arc movement without contact burning. 

Operating Magnet. The contact structure selected 
made vertical actuation mandatory. This made the use 
of a solenoid-type magnet desirable as it was difficult 
to couple a clapper-type magnet to give vertical motion 
without linkages. As previously mentioned, a-c opera- 
tion of the magnet was desirable for application reasons. 
A survey of the commercially available magnets failed 
to disclose one which would meet the requirements of 
the air contactor. The solenoid-type magnets used on 


low-voltage starters did not have sufficient operating 


stroke for the wide contact separation required for 
high voltages. 

Final magnet design is shown in Fig. 12. It is a 
modified E-type with a shading coil welded into the 
stationary assembly. The inverted T-shape armature, 
permitting the use of only one working gap, allows a 
longer stroke with greater efficiency. Test models dis- 
closed excessive wear on the laminations where the 
inverted T-shape armature rubbed on the stationary 
laminations. Nonmagnetic tungsten-alloy pins were 
inserted in the production models which served to 
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reduce friction and maintain a uniform balanced air 
gap throughout the life of the contactor. 

A magnet for use where d-c control supply is avail- 
able has a similar design except that the shading coil 
is omitted and a larger air gap is provided in the sealed 
position. The solenoid design has considerably higher 
efficiency for the long stroke than the clapper-type 
magnet and by careful design can be made to operate 
with equal speed. 

Operating Mechanism. Mechanism for coupling 
magnet armature to the movable contact assembly is 
shown in Fig. 13. Complete assembly moves as a 
single unit with simple vertical motion. When the 
magnet is energized, the T-shaped magnet armature 
is lifted. This action is transmitted through the armature 
pushrod, operating bar, connector and movable-contact 
support to the movable-contact assembly. The operating 
bar for simultaneously operating the three movable 
contactor assemblies is a high-strength aluminum-alloy 
casting. This operating bar also rotates the auxiliary 
switch through a suitable linkage. The nonmagnetic 
alloy pushrod fastened to the top of the armature ex- 
tends through a guide hole in the top of he magnet 
yoke. There is no fixed connection between the movable 
contact operating bar and the armature pushrod. A 
steel insert is placed in the bottom of the operating bar 
where it is engaged by the magnet pushrod and a 
steel plate is mounted on the side of the operating bar 
where it engages the auxiliary switch-operating mech- 
anism. 

Connectors between the operating bar and the mov- 
able contact support may be easily adjusted. Individual 
adjustment for each pole assures uniform air gap 
and pressure for all three poles. The gap and pressure of 
the contacts may also be adjusted to compensate for 
unequal wear. 

The movable contacts are self-centering as shown 
in Fig. 14. They are “free-floating” and can move 





Fig. 12—Final design for a-c magnet is a modified E- 

shape with an inverted T-shaped armature. Problem of 

armature wear is eliminated by using hardened pins pro- 
jecting from laminations. 
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ing the _ vertical- 
action construction. 


slightly both horizontally and vertically, rocking on 
the contact pressure spring. Equal pressure on both 
contact areas of each double-break contact is assured. 
These springs also act as “kick-off” springs for fast 
contact separation when the magnet is de-energized. 
On the basis of its impact strength, machined canvas- 
base phenolic laminate was chosen for the movable 
contact support; the same material also served to 
insulate the movable contact assembly from the grounded 
connector and operating bar. The contact spring is 
enclosed within this laminate support. 

Final Design. After development tests were com- 
pleted and evaluated, the contactor was ready to be 
placed into production. First step was a conference 
between engineering and production planning personnel 
where components were discussed in detail and changes 
made to reduce costs and to facilitate fabrication. (For 
instance, it was decided that the laminations of the 
magnetic blowout structure should be welded instead 
of riveted.) 

Production drawings were completed and turned 
over to the tool department. One model, based on 
these drawings, was then made by hand and assembled 
to disclose any inaccuracies in the drawing. (Fre- 
quently, changes are made in test models which are 
not recorded, in spite of every effort to keep develop- 
ment sketches up to date. For example, the dimension 
between the outer legs of the operating magnet had not 
been changed when the alloy insert guides were added 
to prevent excessive wear.) Necessary tools and dies 
were then prepared and one model fabricated and 
assembled to check the accuracy of the tools. Only 
then, could the drawings and tools be turned over to 
the manufacturing department with the assurance that 
all of the production “bugs” were out of the design. 

As finally developed, the contactor is illustrated in 
the opening pages of this article. Many months of ex- 
perience have shown that it satisfies the requirements 
for current-carrying and interrupting capacities, Early 
tests had shown that the contactor could readily inter- 

(Continued on page 194) 
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ELECTRIC DRIVES with 


Basie systems involving d-c drive motors, discussed in this section, 


include adjustable-speed drives, such as simple field control of a shunt- 


LTHOUGH there are and will continue to be 

many applications of a-c motor drives with 

speed control, described in part I,* drives with 
d-c motors are outstanding in the field of speed con- 
trol because such motors inherently provide greater 
flexibility and ease of adjustment than any other type. 
D-c motors are available in ratings from subfractional 
horsepower to thousands of horsepower. Applications 
for such machines are extremely wide and varied. 

All d-c motors include both an armature and a field 
winding. The armature winding is wound on the rotor 
and is connected to the power supply through com- 
mutator segments and brushes. The field winding is 
wound on stator poles, the number being determined 
largely by the size of the machine. Two field poles 
are common in small machines; six or more poles are 
used in large machines. The field winding may be 
designed for connection either directly across the line 
(shunt field) or in series with the armature circuit 
(series field). Commutating field poles or interpoles 
are also used in modern designs and are located between 
the main field poles. The commutating pole windings 
are connected in series with the armature and compen- 
sate for armature reaction, thus allowing successful 
commutation at all normal loads and in both directions 
of rotation. In some large or special machines that 
must handle high armature currents, series-compen- 
sating or pole-face windings are also placed axially 
across the face of the field poles. 

Most shunt-wound d-c motors are of the stabilized 
shunt type and include a very small stabilizing or 
series winding. This winding is connected in series with 
the armature and is wound cumulative with respect 
to the shunt field. Its purpose is to prevent the motor 
from having a rising speed-load characteristic by 
offsetting the demagnetizing effect of armature re- 
action by the additional field flux obtained with an 
increase in armature current. 

The speed of a d-c motor is determined by three 
factors: (1) the number of armature turns, (2) the 
field flux and (3) the applied armature voltage. The 
ease with which these three factors may be changed by 
variations in motor design makes possible, at least 
theoretically, an infinite variety of rated speeds, not to 
mention the range of adjustment possible with each 
speed rating by proper control systems. 
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To prevent the confusion that would result from 
such a possible variety of rated speeds, motor manu- 
facturers have standardized on the following rated full- 
load speeds corresponding to rated voltage and rated 
field flux: 50, 55, 60, 65, 70, 80, 90, 100, 110, 125, 
150, 175, 200, 225, 250, 300, 350, 400, 450, 500, 575, 
690, 850, 1150, 1750, and 3500 rpm. Speeds as high 
as 3500 rpm are generally practical in ratings up to 
about 40 hp. As the horsepower rating increases, how- 
ever, the practical top speed decreases. For example, 
1150 rpm is not generally used in excess of 500 hp. 
On the other hand, rated speeds of 100 rpm and 
below are seldom used in ratings under about 250 hp. 

Standard voltage ratings are likewise used. Motors 
up to about 200 hp are generally available for 230-volt 
power and machines in ratings up to about 30 hp are 
also available for 115-volt power. In ratings from 250 
hp to about 2000 hp, standard voltages are 250 volts 
and 600 volts. Above 2000 hp, 600 volts is standard. 

Probably the most popular and certainly one of the 
simplest systems of speed control for d-c machines is 
the shunt-wound motor with field control. It classifies 
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Fig. 14—Relationship between rheostat ohms, field cur- 
rent and field flux for shunt motor with field control. 
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wound motor, as well as adjustable varying-speed drives, ranging from 


compound and series-wound motors to complex variable-voltage drives. 


as an adjustable-speed drive. Speed control is obtained 
by adding resistance to the motor field circuit and 
thereby decreasing the motor field flux. For a given 
armature voltage, the relationship between speed and 
field flux can be expressed by the simple formula: 


K 
rpm = — 
@ 
Where K = a constant depending on the design of 


the machine 
® = field flux lines. 


This relationship is shown graphically in Fig. 14. 
Actually, the motor user is generally more interested 
in field current and rheostat ohms than in field flux. 
Since the magnetic circuit becomes somewhat satu- 
rated near the full field current, the relationship between 
field flux and field current is not entirely linear, as 
Fig. 14 shows. But the relationship between motor 
speed and rheostat ohms is nearly a straight line. This 
fact is often useful in determining the amount of field 
resistance necessary for different speeds. If the rheostat 
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Fig. 15—Typical speed regulation curves of stabilized 
shunt d-c motor with speed adjustment by field control. 
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resistance for top speed—or an intermediate speed 
is known, a straight line can be drawn as shown through 
the base-speed zero-resistance point and corresponding 
resistance point for the top or some intermediate 
speed. The rheostat ohms for any speed can then be 
read from the curve. This is not an exact value but 
is a close approximation. 

The amount of speed increase obtainable by field weak- 
ening has several jimitations. First, there is a practical 
limit to the peripheral speed of the armature and com- 
mutator. Because of purely mechanical limitations, a 
motor with a rated full-field speed of 1750 rpm, for 
example, cannot be increased in speed by as great a 
percentage as can a motor of the same horsepower 
rating with a full-field speed of 500 rpm. Therefore, 
a wide speed range by field control is available gener- 
ally only with low-base speed (full-field) motors. 
Second, regardless of the base speed of the motor, there 
are practical limits to the amount of speed range by 
motor field control because of the problems of commu- 
tation and armature reaction at high speed and with 
weak field. In small sizes speed ranges of 6 to 1 are 
possible, but generally 4 to 1 is considered a practical 
limit in larger sizes. Special motors with somewhat 
involved control systems are sometimes used to obtain 
speed ranges up to as high as 8 to 1 by motor field 
control. 

The effect of the stabilizing series field on d-c motors 
is apparent in Fig. 15 which shows:a typical speed- 
regulation curve for a d-c motor with field control. 
If the stabilizing series field were not present the motor 
would have a rising speed-load characteristic at the 
higher speed. As can be observed, the effect of the 
series field is greatest when the shunt field is weak. 

Fig. 15 also illustrates another characteristic of d-c 
motors, namely, the difference in torque available with 
differing amounts of field current. With armature 
current constant, the annieny between torque and 
field current is expressed by the equation: 


Torque = K® where 
K = another constant depending on motor design. 
The dotted line shows the variation in full-load torque 
for different field currents. 
Physical size of any motor is determined largely by 
its torque rating. In the case of a d-c machine the size 
is determined by its rated torque corresponding to 
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full field. In some cases (which will be discussed later), 
the full capacity of the motor is needed at all speeds. 
However, in many applications the load can be driven 
at all speeds by the torque available with weak field. 
For such drives a motor with speed control by field 
rheostat is larger and more expensive than a compa- 
rable motor used in adjustable-voltage drives. 


Control ‘System for D-C Power Supply 


A complete system for starting, speed control, and 
dynamic braking of a shunt-wound motor suitable for 
operation from a constant voltage d-c power supply 
is shown in Fig. 16. The maximum current that can 
be commutated without harmful sparking at the brushes 
on most d-c machines is between 150 and 200 per cent 
of rated full load current. Amature circuit resistance 
is low and will not limit the current to a safe value if 
motor is started directly across the line. Therefore, 
practically all integral-horsepower d-c motors must be 
started with reduced voltage. A starting resistor con- 
nected in series with the motor armature circuit, Fig. 16, 
is used for this purpose. The resistor is shorted as the 
motor speed and consequently its counter-emf increases. 
Where a relatively long time is required for accelera- 
tion, or where large machines having very low armature 
resistance are used, several steps of resistance are 
necessary. 

The full-field contactor FF provides two functions: 
(1) If the field rheostat is set in any weak-field posi- 
tion the field current is maintained at a value less than 
full field when the motor is not running. This prevents 
overheating of the field. (2) When the motor is started 
the field rheostat is short-circuited momentarily to pro- 
vide a high starting torque. Dynamic braking is provided 
by allowing the motor to act as a generator delivering 
power to the braking resistor. When the line contactor 
operating coil is de-energized, the holding coil acts to 
close the normally closed pole quickly and prevents 
restarting the motor until it has come to rest. 





Jogging or inching could be provided in such a sys- 
tem by allowing the armature resistance to remain in 
the circuit and preventing the contactor M from sealing 
closed. Reversing could also be provided by reversing 
either the armature or field circuit, although armature 
circuit reversing is most commonly used. 

Applications for systems of this type are extremely 
varied and range from conveyors, machine tools and 
other relatively small drives to large mill type equip- 
ments. 

Compound- and Series-Wound Motors. Series-wound 
motors are constructed in the same manner as shunt- 
wound motors except that the field windings have a 
relatively few turns and are designed to carry the full 
armature current. Since in such a motor the field flux 
is proportional to the aramature current, it is readily 
apparent that the flux will be increased as the load is 
increased. The formula, rpm = K/® stated earlier, 
applies to all d-c motors. From this it can be seen that 
the speed decreases as the load increases and also that 
the speed increases as the load decreases. The speed- 
load characteristics are similar to those shown for the 
series universal motor in Fig. 2 (Part I), and this 
drive is classified as adjustable varying speed. 

Often series motors are furnished with a small shunt 
field so that the maximum no-load speed can be held 
to a safe value. When the amount of series field is not 
great the machines are called compound wound. The 
speed-load characteristics of such machines are inter- 
mediate between shunt-wound and series-wound ma- 
chines. 

Series- and compound-wound machines are commonly 
used where high starting and ‘reversing torques are 
needed. They are ideal for cranes and hoists because 
of the inherent characteristic of running fast with light 
loads and running slow with heavy loads. The study 
of complete performance curves under such operating 
conditions is a subject in itself and is beyond the scope 
of this article. Compound-wound motors are also com- 
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Fig. 16—Control system for shunt-wound d-c motor with 
dynamic braking and speed control by motor field rheostat. 


Fig. 17—Typical speed regulation curves of shunt d-c mo- 


tor with adjustable armature voltage. 
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monly used in coordinated drives because of their droop- 
ing speed-load characteristics. 

Adjustable Voltage D-C Drives.* Speed control of 
a d-c motor is also obtainable by adjusting the arma- 
ture voltage. If the field current is held constant, the 
speed can be expressed by this simple formula: 


rpm = KE 
where K = still another constant depending on the 
design of the motor. 
E = motor counter-emf voltage. 


Another expression for motor speed that includes 
the effect of the armature resistance but neglects 
brush drop, is: 


rpm = K (V —IR) 


where K = same constant 
V = armature terminal volts. 
[ = armature current in amperes 
R = armature resistance in ohms. 


To see how armature resistance affects the motor 
speed let us consider for the moment that rated arma- 
ture voltage is applied to a motor. At no load the 
motor counter-emf is very nearly the same as the ter- 
minal voltage because the /R drop is practically zero. 
But as the load increases, the armature current also 
increases thus causing the /R drop to increase. As the 
IR drop increases, the counter-emf decreases by the 
same amount and the speed is decreased as a result. 
For any given current the JR drop is the same regard- 
less of the motor speed. Therefore, it becomes a large 
part of the total voltage at low armature voltage. Fig. 
17 shows the speed regulation curves for a motor 
having an JR drop which at rated voltage is 11 per 
cent of the terminal voltage. The effect of the JR drop 
is relatively small at rated voltage, for by definition 
of rating, 100 per cent speed at rated load is available 
with 100 per cent voltage. At 75 per cent speed and 
rated load, however, 78 per cent voltage is required. 
With 11 per cent voltage applied, the motor will not 
run with rated load; the speed drop with load in this 
case is 100 per cent as compared with approximately 
10 per cent at rated voltage. 

The /R drop of all motors is not the same. Small 
motors generally have higher armature resistance than 
large ones; low-speed motors have higher armature 
resistance than high-speed motors. Motors rated 1 hp 
at 1750 rpm, for example, will have in the neighborhood 
of 10 per cent JR drop, (that is the 7R drop will be 
10 per cent of the rated terminal voltage), while 10-hp, 
1750-rpm machines will have about 5 per cent J drop. 
Larger machines may be as low as | or 2 per cent JK 
drop. 

The effect of /R drop often becomes quite important 
in drives operating over a wide speed range by arma- 
ture voltage control. Referring again to Fig. 17, if it 
is desired to operate this motor at 10 per cent of rated 
speed with full load, the voltage will need to be 21 
per cent of rated, but if the load changes the speed 
will not hold constant but will change considerably. 
At no load the speed will be twice as high as the full 
load speed. If the desired speed were only 5 per cent 





* For a graphic presentation of the same subject, see “Basic Control 
Requirements of D-C Adjustable-Voltage Drives,” E. E. Moyer and 
M. E. Cummings, ELrectrrcAL MANUFACTURING, November 1949, page 64. 
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Fig. 18—Basic Ward Leonard adjustable-voltage adjust- 
able speed d-c drive. Stabilizing series field omitted. 
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of rated the no-load speed would be over three times 
the full-load speed. Several systems that compensate 
for IR drop are available and will be discussed presently. 


Means of Obtaining Voltage Control 


Several methods can be used to obtain armature 
voltage control for operation of d-c motors: 

(1) Series armature resistance 

(2) Series and parallel resistance 

(3) Several d-c generators connected in series to 

furnish different voltage levels 

(4) Adjustable-voltage d-c generator 

(5) Adjustable-voltage electronic rectifiers. 

Use of stepped resistances or a rheostat connected in 
series with the motor armature provides adjustable 
varying-speed characteristics. The percentage speed 
regulation increases directly with the percentage of the 
total voltage that appears across the speed controlling 
rheostat at full load. This system can be used whenever 
the load is constant, but it is generally limited to small 
motors or to intermittently operated motors where the 
power losses dissipated in the series resistor are not 
serious. With a resistor in parallel with the motor, as 
well as one in series, if the parallel resistor draws a 
large amount of current in proportion to the motor 
current, the speed regulation will be improved as com- 
pared with a simple series-resistor arrangement. The 
big disadvantage of this system is the large amount of 
power dissipated in the resistors. 

The use of several d-c generators connected in series 
to furnish different voltage levels for operation of d-c 
motors is obviously an expensive system and is limited 
in its use. 

D-C drives employing adjustable-voltage generators 
are commonly referred to as Ward Leonard drives after 
the inventor, H. Ward Leonard. In its simplest and 
original form the system is shown schematically in 
Fig. 18. The motor is a standard d-c machine and the 
generator is similar to it except that it must be slightly 
larger in rating to compensate for the losses in both 
machines. The speed of the two machines may be quite 
different. Although the generator can be driven by any 
constant-speed prime mover, squirrel-cage induction 
motors are most commonly used, particularly in ratings 
under 200 hp. 

Since a d-c generator and a d-c motor are essentially 

(Continued on page 196) 
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Electrical Instructions 


N ELECTRICAL contact may be defined as a 
conductor which is discontinuous, and being a 
conductor, is subject to the same limitations as 

any conductor. Its effectiveness in carrying current 
varies with its resistance and its ability to dissipate heat. 
For all practical purposes, a contact when closed is sub- 
ject to Ohm’s law. Major problems in the use of con- 
tacts arise in connection with three functions: carrying 
current, making contact and breaking contact. 

One of the chief problems in the design and application 
of electrical contacts to the control of electric current is 
heating and heat dissipation. The cross-section of an 
electrical conductor carrying heavy current is large but 
not because a large number of moving electrons need a 
wide road in which to travel. Electrons take up so little 
space that if it were possible to maintain a wire at room 
temperature the finest wire that could be drawn could 
carry thousands of amperes. 

The ability of contacts to carry current is determined 
by their ability to dissipate heat. Losses are due to: 

1. Resistance of the leads carrying the current to 
the contact. 

2. Resistance of the lead connection to the contact. 

3. Resistivity of the contact material. 

4. Resistance at the point of contact. 

When leads have too low a ciirrent-carrying capacity 
the heat of leads and connections will be transmitted to 
the contacts themselves and may cause trouble. Contacts 
are sometimes blamed for overheating when the real 
source of the offending heat is external. This is more 
likely to happen when heavier currents are being 
handled, since for low currents the lead size is usually 
determined by mechanical strength. 
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It is frequently necessary to strike a balance between 
desirable and undesirable properties of contact materials 
since there is no best material which will meet all re- 
quirements. Materials which will offer the greatest re- 
sistance to arcing, excessive welding, and burning are 
usually those with the higher electrical resistance. 

Currents passing through contact materials converge 
when approaching the point of contact, and some of the 
current paths are longer than others. Therefore, resis- 
tivity of the material alone does not provide an exact 
means for determining the electrical resistances of con- 
tacts. 

Interface area of the actual point of contact is usually 
small in relation to the surface area of the contacts 
themselves. Although the resistance per unit length of 
the current path at this point may be relatively high, the 
length is normally very short and therefore the net 
resistance is ordinarily a negligible part of the total cir- 
cuit resistance. However, there is always some power 
loss due to interface resistance, and it is important that 
the resultant heat be dissipated rapidly. For heavy cur- 
rents large contacts are not only essential for lower cur- 
rent density but also for increased heat radiation. Ac- 
tually, the interface surfaces of contacts used on realys, 
small contactors, and many switches and other electrical 
devices are convex, or one contact is convex and the 
other flat. The purpose of the convex shape is to con- 
centrate the available pressure between the two surfaces 
into a very small area because high pressure is important 
for a low-resistance interface contact. 

Current-carrying contacts of some air circuit breakers 
handling 2000 to 3000 amp consist of a half-cylinder of 
silver with '%-in. or smaller radius about 2-in. long 
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bearing on a flat plate of silver. This results in a 
narrow-line interface contact of very small area, but the 
pressure per unit area is therefore high. 

For the lowest resistance contacts on ordinary volt- 
ages and currents the best design has been found to be 
a slightly convex surface and bearing on another surface 
consisting of a multitude of relatively sharp points or 
ridges somewhat like the surface of a file. These points 
or ridges aid in breaking through the surface films. 

The term “contact resistance” is commonly employed 
in referring to the interface contact. When speaking of 
the resistance of the metal in the contacts this is usually 
designated as the “resistivity” of the contact. Contact 
resistance is determined by the following factors: Con- 
dition of the contact surfaces; shape of each contact sur- 
face, and mechanical pressure between the contacts. 

Most electrical contacts used in control devices are in 
air, and the surfaces are therefore subject to the forma- 
tion of surface films such as oxides, sulphides, and 
accumulations of moisture, dust, oil, grease or other 
foreign materials. Lubricants have a tendency to pre- 
vent the formation of films but unless especially pre- 
pared for the purpose, may have the effect of increasing 
the contact resistance. Oil spray is detrimental to any 
contact that arcs since even the smallest amount of 
arcing causes formation of carbon which may build up 
and greatly increase the contact resistance. 

In general, contacts operated at frequent intervals are 
less troubled by surface films since the films are reduced 
by the mechanical abrasion incidental to the opening and 








Table I—General Types of Contact Service 


Hard-to-make (high inrush) loads 


TUNGSTEN FILAMENT LAMPS—Inrush currents 10 
to 20 times rated current. 

MOTORS—With starting currents from 3 to 10 times 
rated current (if unknown, usually estimated at 6 
times rated). 

SOLENOIDS—With moving plungers, inrush currents 
ry 5 to 20 times holding current if a-c. No difficulty 
if d-c. 

CONTACTORS—A-c with hinged armatures, inrush cur- 
rents trom 1.5 to 5 times holding currents, otherwise 
same as solenoids. No difficulty if d-c. 

CAPACITORS—On d-c and if contacts close on peak of 
a-c voltage wave, a capacitor acts like a short circuit 
the first instant contacts close, with current limited 
only by circuit resistance and inductance. 

TRANSFORMERS—With any of the above types of 
loads predominating on the secondaries, same effects 
as if transformer were not present. 


Hard-to-break loads 
INDUCTANCES IN GENERAL—Such as motor fields, 


solenoids, contactor coils, induction coils, and lightly 
loaded transformers. Much more difficult on d-c than 
on a-c. 

CAPACITORS—If a-c. On d-c contacts will normally 
break only the steady state leakage current which will 
be negligible if the capacitor is fully charged before 
the contacts are opened; no voltage will appear across 
contacts as they are opened. 

TRANSFORMERS—If load on secondary is predomi- 
nantly either inductive or capacitive, or if transformer 
is not loaded or very lightly loaded. If transformer is 
fully loaded, and load power factor is unity, load on 
contact will appear to be purely resistive and no diffi- 
culty would be anticipated. 








LTHOUGH electrical contacts are 
LX a very important part of a major- 
ity of electrical devices, not too much 
intensive research work has been done 
on the subject.* Many of the practices 
which have been adopted for the car- 
rying, making and breaking of cur- 
rent are based on limited experience 
and many of the theories for the ex- 
planation of various phenomena are 
speculative. 

One of these theories is that weld- 
ing of contacts is necessary for the 
passage of current and there is cer- 
tainly much circumstantial evidence to 
bear it out. Instrument designers find 
it difficult to obtain good contact on 
low voltages and currents such as in 
thermocouple circuits. Noble metals 
such as gold and platinum must be 
used to resist the formation of surface 
films. Oxides of silver and silver sul- 
phide offer high resistance to very 
low voltages and currents, perhaps 
because the potential is too low to 
break down these compounds into 
pure silver. 

All contacts, however clean, are 
assumed to have a film coating that 


* Committee B-4 of the American Society for 
Testing Materials has a sub-committee working 
on surety of contact as a function of voltage 
and pressure. 





Is Welding Necessary for Passage of Current? 


film is presumably insulating since low 
voltages cannot force current through 
it: when the voltage is raised, the film 
breaks down by a spark discharge. 
The breakdown voltage of the film 
varies with different contact materials. 
With the noble metals, the voltage is 
low, and with copper it is relatively 
high. 

Another theory is that welding 
takes place even if no voltage is im- 
pressed between the contacts. It is 
assumed that when two pieces of 
metal are in contact under pressure, 
and there is a sliding action, the 
contacts tend to weld together. Care- 
ful tests disclose that the sliding ac- 
tion is not smooth, but is in short 
jerks even though the sliding force 
is steady. Stoppages are caused by 
momentary welding, breaking of the 
weld causing the jerky motion. 
Smooth sliding action can be obtained 
by using lubrication which introduces 
a film between the surfaces, prevent- 
ing the intimate contact necessary 
for welding. 

This welding in sliding contacts 
accounts for galling which is most 
pronounced when the contacts are of 
identical materials. Galling of con- 
tacts is often evident in knife-blade 
switches when blades and clips are 
both copper. When brass is sub- 
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stituted for copper in the clips, galling 
is less pronounced. Although it may 
not be so apparent galling also oc- 
curs in other types of electrical con- 
tacts, showing up in excessive wear. 
In many contact applications wear 
may be decreased by using different 
metals or alloys in the two contacts. 

Whether produced by welding, ero- 
sion, vaporization or other means, the 
cause of failure and the probable 
remedy can often be deduced from 
the type of wear. The most common 
types of contact failures are shown 
here. Section through a new crowned- 
against-flat contact is shown at A. 
Transfer or migration of contact ma- 
terial,B, is often seen on d-c circuits; 
shunting capacitor of the right size 
or a different contact material may 
correct the condition. Bouncing dur- 
ing closing on heavy inrush loads 
may cause welding as at C. Erosion 
at D from excessive arcing or frequent 
interruption of heavy currents may 
require both a change in contact ma- 
terial and some method for reducing 
of arcing. General surface deteriora- 
tion as at E is brought on by con- 
tamination and remedied by enclo- 
sure. Mechanical wear under heavy 
impact and frequent operation, when 
exhibiting the condition shown at F, 
calls for a longer wearing material. 











































































































Material 


Fine silver 


Silver - copper - 
nickel alloys such 
as coin silver and 
sterling silver 


Silver - copper - 
nickel alloys 


Silver - copper - 
cadmium - nickel - 
cobalt alloys 


Silver-base __palla- 
dium alloy 

Silver - base gold 
alloy 

Platinum 


Silver - base alloy 
with small amount 
of platinum 


Platinum - iridium 
alloys 





closing action, especially if there is a “wiping” action to 
the contacts. In addition, the film at the points of con- 
tact is usually reduced to pure metal by heat as when 


Principal Applications 


Most common contact material. For infrequent 
operation in heavy-duty circuit breakers, volt- 
age regulators, motor starters, thermostats, pres- 
sure switches, telephone relays. Also light-duty 
light-pressure applications. 


Thermostats, pressure switches, voltage regula- 
tors, generator cutouts, wavelength selector 
switches, medium and low current relays, where 
operations are moderately frequent. Also mo- 
tor starting relays, house wiring switches and 
light switches on automobiles. 


Automotive horn relays, generator cutouts, light 
switches and overload breakers. Other circuit 
breakers, relays, thermostats, pressure switches, 
industrial signals, burglar alarms, starting 
switches, motor starting relays and applications 
where frequent operation results in higher op- 
erating temperatures for contacts. 


Automotive gas and oil gages, overload relays, 
sensitive low-current relays, polarized circuit 
breakers. Particularly adaptable to d-c meter 
and gaging equipment where low contact pres- 
sures and low inertia parts are encountered. 
Also a-c contactors, motor overload switches, 
industrial control relays and thermal overload 
switches where operation is infrequent. 


Low-voltage relays, telephone relays, railway 
signal relays, telephone dials, telegraph keys, 
other devices operating at relatively high speeds 
and currents. 


Thermostats, pressure switches and gages, sen- 
sitive relays, automatic signalling equipment. 
When contact pressure is light. 


Where contact pressures are light and current 
and frequency of operation are low. Telephone 
relays, sensitive instruments of all types, ther- 
mostats for heating pads, fire alarms. 


Automotive voltage regulators, motor starting 
switches, household thermostats, generator cut- 
outs, polarity reversing switches, railway sig- 
nals and track coders, electric organs. 


Aviation, automotive, and marine magnetos, 
voltage regulators, telephone relays, recorders, 
special selector relays, tee pads. Substitute 
for platinum where higher hardness and greater 
resistance to wear is needed. 


silver oxides or sulphides are burned off when the con- 
tacts make or break appreciable currents. Conversely, 
if contacts are closed for long periods and carry con- 
siderable current, then oxides, sulphides, and ordinary 
film caused by impurities in the air will tend to accu- 
mulate. This is particularly true of copper contacts and 
the condition has led to the discontinuance of the use of 
such material for handling currents of over 100 amp in 
air circuit breakers and switches. 


Solid silver or silver-plated copper is now quite gen- 


Table Il—Applications and Features of Contact Materials 


Desirable Features 


Resistance to atmospheric 
oxidation and_ corrosion; 
high electrical and heat 
conductivity; low contact 
resistance. Coatings break- 
down at low temperatures. 


Harder than fine silver and 
will therefore stand higher 
contact pressures and more 
impact. Better wearing qual- 
ities and less metal transfer 
than fine silver. 


Less susceptible to oxidation 
than silver-copper alloys, 
and will stand higher oper- 
ating speeds and currents. 


Hardness, resistance to oxi- 
dation, good wearing quali- 
ties, low and uniform con- 
tact resistance, low metal 
transfer. 


Ductile but harder than coin 
silver; also more resistant to 
welding. Low contact resis- 
tance. 


Harder, higher melting 
point, and higher resistance 
to tarnishing than silver; 
lower contact resistance. 


High melting point, high 
resistance to oxidation and 
atmospheric corrosion; good 
are resistance. 


Low contact resistance; low 
metal transfer. 


Harder than platinum. Suit- 
able for high contact pres- 
sures and frequent opera- 
tion. High resistance to cor- 
rosion; resistant to wear at 
normal loads and moderate 
temperature. 


Moving 
/f corttact 


A RB 





Disadvantages 


Soft, tendency to 
weld, stick and pit. 
Poor wearing quali- 
ties. 


Susceptible to oxi- 
dation and tarnish. 
Contact resistance 
usually higher than 
that of fine silver. 


Contact resistance 
appreciable at pres- 
sure below 50 gm. 


Restricted to fairly 
low voltages. Low 
melting point. Sus- 
ceptible to tarnish. 


Restricted to low 
operating voltages. 
Susceptible to wear 
and pitting. 


Restricted to low 
voltage, low current 
and infrequent op- 
eration. Poor wear. 


Some tendency to 
tarnish. Poor wear- 
ing qualities because 
of softness. 


Limited to 900 C 
operating tempera- 
ture. Relatively un- 
workable if over 
30% iridium. Prone 
to sticking under 


some conditions. 


noble metals (gold, platinum and their alloys) which 
are much less subject to oxidation and film formation 
are recommended. 


Cc 













erally used for circuit breaker contacts which must 
carry heavy currents. Although the silver oxidizes when 
exposed to air, the oxide or sulphide is readily broken 
down by heat and gives no trouble except when volt- 
age and current are low. For such applications the 
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Fig. 1—Wiping contacts first engage as shown at A; ini- 

tial weld is sheared as the spring starts to flex, B, and 

the contacts slide to the final position C. Steady load is 

carried through points not damaged by inrush arcing; 

weld is readily broken in opening by rocking action of 
flexed moving member. 
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Material 


Platinum - rutheni- 
um alloy 


Platinum - iridium- 


osmium alloys 


Pure tungsten 


Molybdenum 


Principal Applications 


Substitute for platinum-iridium and platinum. 
Applications essentially the same as platinum- 
iridium alloys. 


Automotive and marine magnetos. Aircraft mag- 
netos, frequency generators, industrial voltage 
regulators where duty is extremely severe and 
extreme hardness is required. 


Automotive ignition, vibrators, electric razors, 
cash registers, fence chargers, voltage regula- 
tors, aviation and marine magnetos, aviation 
relays, diesel starting equipment, calculating 
machines. 

Where current is low, but voltages are above 
50. Automatic card sorters, mercury switches, 
special thermostats, communication relays, cal- 
culating machines, flashers. 


Desirable Features 


Same as platinum iridium. 


Extremely resistant to corro- 
sive atmospheres and to 
welding. 


Hardness, good wearing 
qualities; resistance to im- 
pact, pitting and welding. 


More ductile than tungsten. 
Resistant to chemical action 
and atmospheric corrosion. 


Disadvantages 


Same as platinum 
iridium. 


Slightly higher con- 
tact resistance than 
platinum. Higher 
contact pressures. 


High resistance. Sus- 
ceptible to oxide 
film. 


Same as tungsten. 


The following materials are not true alloys since they are manufactured from constituents (metal powders). The refractory 
constituents are tungsten and molybdenum, and are characterized by hardness, resistance to mechanical wear and impact, 
good electrical conductivity, resistance to sticking or welding. They may be regarded essentially as materials composed of 


a refractory base combined with a high conductivity bonding material. 


Sintered copper - 
tungsten 


Sintered - silver - 
tungsten 


Where high currents are to be interrupted. Air 
and oil circuit breakers, drum _ controllers, 
heavy-duty switches and relays, oil-immersed 
contactors and transformer tap-changers. 


Arcing tips for heavy-duty air circuit breakers. 
Main contacts in light and medium-duty air 
circuit breakers. Heavy-duty switches and re- 


High electrical and heat con- 
ductivity with high copper 
content. High density and 
hardness, better wear and 
arc resistant qualities with 
high tungsten content. 


Suitable for carrying heavy 
current with light contact 
pressures. Good wear, cur- 


Poor working prop- 
erties; high contact 
resistance; fair to 
poor current carry- 
ing capacity. 


Difficult to work. 
High contact resis- 
tance. 


lays and contactors. 


Sintered - silver - 


molybdenum duty air circuit breakers 


Sintered tungsten 
and molybdenum 


copper, silver, nick- 
el and cobalt 





rent carrying and interrupt- 
ing capacities. 


Arcing tips and intermediate contacts in heavy- Resistant to arcing, welding Difficult to work. 


and sticking. Good wearing High contact resis- 
qualities. Resists oxide film tance. 
formation. 


High currents at reasonably high voltages. Spe- High conductivity; very Difficult to work. 
cial relays and devices carrying high currents hard; low contact resistance. 
carbides made with where arc-resisting properties are required. 


NOTE: While the above table is not a substitute for contact manufacturers’ data, it will serve as a guide for the designer 
and application engineer in selecting a suitable contact material for nearly every type of application. 


It would seem that the closing or ‘‘making”’ of electri- 
cal contacts should give no trouble, but experience has 
shown that this is the function that causes many 
switches to fail. If a “splash” of arcing is observed 
when contacts close, it is probably due to one of three 


Moving 
cortact 
air B Cc 


Fig. 2—Contact sticking can also be prevented by “heel- 
and-toe”’ action. Initial weld is made at toe of moving 
contact, as at A, but broken by leverage as operation goes 
through parallel position B to closed position C where cur- 
rent is carried by undamaged “heel” contact area. Final 
weld, if any, is broken by leverage on opening. 
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causes: Bouncing of the contacts, breaking down of the 
surface film, or burning of raised portions caused by 
previous metal transfer. 

Bouncing action may arise from several causes, the 
most common being the resilience in the moving con- 
tact or spring, and rigidity in the fixed contact. Or the 
moving contact may strike against one part of the fixed 
contact, glancing or ricocheting off that part and strik- 
ing another part. Or, it may be due to a rocking or 
sliding motion. When contacts are closed rapidly, there 
is nearly always an interrupted make or a momentary 
breaking before final contact is made.* 

This action is most destructive where the load intro- 
duces a relatively high inrush or initial value such as 
for motors, tungsten filament lamps, capacitive loads and 
a-c solenoids. (See Table I.) When bouncing takes place 





* See “How to Use the Oscilloscope as a Design Tool,” by R. E. Johnson 
and J. L. Drnek, ELvectricat MANUFACTURING, July 1950, page 98. 
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Table IV—Average Limiting D-C Currents, 
Amperes 


The highest currents which can be interrupted without 
the formation of an arc.* 


Table Ifl—Average Characteristic Arc Voltages 


The lowest voltage at which an arc will form between | 
contacts of listed material at atmospheric pressure.* 


— — | | 





| Line Voltage 20 24 ~«6|—COS0 110 | 220 
Silver 11.8 | Chromium ne ——— 1 amend stineertanieh neenolesonennatpaosal 
Gold 15.0| Tron 13.5 | Silver = 1.4 | 0.9 0.62 | 0.45 
Platinum /16.0| Aluminum | 14.0 | Gold | 2.25 | 1.7 | 1:15 | 0.60 | 0.45 
Tungsten 16.5 | Tin | 13.5 Platinum 8.7t 4.4 | 2.25 | 0.92 | 0.70 
Molybdenum (16.5 | Antimony 10.5 Tungsten hace 12.5 | 4.0 1.8 1.4 
Carbon (graphite) 18.0 | Lead 10.5 Graphite as | oe 0.7 0.1 
Nickel 14.0 Bismuth | 10.0 | Molybdenum stew 2.8 2.0 1.0 
Copper 12.4 | Silver-30% Pd 13.0 | Silver-30% Pd | 3.3 1.4 0.6 0.45 
Cadmium | 10.0 | Silver-30% Cd 10.0 Silver-50% Pd 8.5t 2.0 .065 0.50 
Zinc 11.2| — Silver-4% Mg 9.0 | Ges 1.4 | 0.75 | 0.50 


Gold -41.5% Ag| 
SS _ ~ - — —- - a | — _— 
| * Data supplied by P. R. Mallory & Co., Inc. 


* Data supplied by P. R. Mallory & Co., Inc. + Uncertain values 








during the peak inrush current, damage to the contacts 
will be far more severe than caused by normal loads. 

One method for reducing the bouncing of contacts 
when closing is to spring-load the stationary contact to 
provide greater resilience; but care must be taken to 
avoid increased bouncing from harmonic action between 
the springs. Bouncing may be lessened by reducing the 
contact gap. Conversely, any increase in gap to give 
better interrupting characteristics will almost certainly 
cause more severe bouncing in closing. 

Apart from the resultant burning and pitting due to 
this splash of current and arcing, there is the danger of 
excessive welding which may be sufficient to prevent 
the later opening or breaking of the contacts. When 
there is less power available to open contacts than to 
close them, as is usually the case, such welding is par- 
ticularly undesirable. To combat this condition, either of 
two expedients may be employed: wiping or “heel-and- 
toe” action. 

With wiping action, Fig. 1, the initial path of the 
moving contact in approaching the fixed contact is along 
a path generally perpendicular to the plane of the sur- 
face of the fixed contact. After the surfaces touch, 
spring action behind the moving contact causes a sliding 
of the moving contact along a path parallel to the plane 
surface of the fixed contact. This does not prevent the 
initial bouncing but does result in shearing the initial 
weld. It also causes the point of electrical contact for 
carrying the steady current to be moved away from the 
point of initial arcing contact. If there is any further 
welding, it is a weaker weld and is more readily broken. 

When contacts are opened, a similar sliding action 
takes place in reverse, first shearing the final weld 
which carried the current. Mechanical power available 
in this opening shearing action usually originates in 
spring or gravity action, and therefore is less than the 
power available to shear the initial weld in closing. 

Heel-and-toe action, Fig. 2, produces a similar effect. 
Initial weld is broken as contact rocks and steady contact 
is made at a point where little arcing occurs. Final weld 
is readily broken by leverage when the contact opens. 

In opening of electrical contacts the first problem is 
whether the opening force is strong enough to break 
any weld that may be present. Relatively few small de- 
vices utilize power for opening. 

The next problem is to interrupt, suppress, or absorb 


106 


Standard Graphical Symbols for Contacts 


It is technically incorrect to designate double-throw 
contacts as “one normally open and one normaliy closed 
contact,” as this infers isolation of each pair whereas 
double-throw contacts must have a common member. 
When important, it should be specified whether or not 
there is a neutral position in which the moving contact 
will remain without being made on either side. Symbol 


on right in each view is a spring-return pushbutton; 


other symbols may indicate either maintaine 
return ‘types. 


or spring- 


C- Double throw 


mn # 


B-Normally closed 


4 Sk 





the arc so a minimum of pitting, burning or transfer of 
metal takes place. A careful selection of the contact 
materials from Table II may be sufficient; if not, some 
method of arc suppression may be required. 


Reducing Arcing on Direct Current 


Direct current presents the most serious problems in 
arc interruption, and special precautions are necessary 
for voltages above 30 and with currents of 0.5 amp and 
higher. When contacts close, the voltage drop across the 
contacts is equal to the current multiplied by the con- 
tact resistance, ordinarily a very small value. After the 
contacts are opened and the arc is interrupted, full line 
voltage appears across the gap. Therefore, during the 
process of opening, the voltage between the contacts 
rises from zero to full line voltage. When the contacts 
are handling direct current this rise is continuous, and 
until the arc is extinguished full line voltage is available 
to sustain it at all times. 

For reducing arc erosion and transfer or migration of 
contact metals in d-c circuits, these methods are used: 
Wider air gaps between contacts when fully open. 
Larger contacts for better dissipation of heat. 
Special contact materials. 

Multiple-break contacts. 

Energy-absorption circuits. 

Permanent-magnet blowouts. 

Blowout coils. 

. Wide Air Gaps. In small switches for potentials no 

higher than 115 volt and currents under 0.5 amp on non- 
(Continued on page 204) 
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Reliable electrome equipment 


A progress report of the ONR investigation 





Work at the Office of Naval Research 


emphasizes four fundamental aspects of 


the reliability problems: components, 


design, production and maintenance. 


GILBERT E. DEVEY 


Electronic Engineer — Undersea Warfare Branch 
Office of Naval Research 


of Naval Research, “Program Analysis in Elec- 

tronic Maintenance Minimization,” reliability is 
defined as the ratio of the total time the equipment is 
required for use divided into the total of this time that 
the equipment is in acceptable operating condition. 
Ideally, this ratio should be 1 and it is toward this end 
that the ONR project is directed. It is difficult to deter- 
mine a precise value for the reliability ratio of modern 
Navy electronic equipment, but reasonable estimates 
have set this figure at less than 0.5. Another indication 
of poor reliability is that the cost of maintenance is from 
10 to 100 times the cost of the original equipment. 
(1,2)* The need for more reliable equipment therefore 
is apparent. 

Factors that make up reliability fall into four gen- 
eral areas: components, design, production and main- 
tenances. Quality components of adequate reliability, in 
general, are not available today. According to a study 
made by the Panel on Components of the Research and 
Development Board, it will require a number of years 
at the current rate of development to obtain compo- 
nents of acceptable reliability for electronic equipment 
exposed to present service conditions. More severe tem- 


“Italic numerals in parentheses apply to references at end of article. 


. A FORMAL program sponsored by the Office 
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perature and shock requirements in the future may 
well nullify the contemplated gain in component reli- 
ability. 

Several long-range research and development proj- 
ects now under way constitute a large-scale attack on 
the component problem. The Office of Naval Research 
takes an active role in this work, as exemplified in one 
instance by the work on synthetic mica.(3) Consider- 
able work is also in progress toward making better ma- 
terials for vacuum tube construction. Stanford Research 
Institute has compiled a report (4) in which a major 
portion is devoted to the description of the good and 
bad characteristics of new components. Sections in the 
report are devoted to casting resins, printed circuits, 
heat-removal techniques, hermetic sealing methods, and 
others. The report also contains a listing of research 
and development needs. Several of the more important 
of these needs are: 

1. Life rating system for all electronic components 
under typical operating conditions, with the effect of 


Fig. 1—Intermediate-frequency amplifier assembled from 
modular units, a development of the National Bureau of 
Standards. Each modular unit consists of three-piece as- 
sembly with a tuned inductor below and a printed circuit 
on a cermanic cylinder enclosing a subminiature tube. 


















Fig. 2—Subassembly construction is not exactly a new 

idea. Here is the radio receiver booth as it appeared on 

the U.S.S. Arkansas in 1920. Not only are units as- 

sembled for ready replacement but a “fail-safe” radio 

frequency detector unit is employed which uses both 
crystal and vacuum tube detectors. 


changes in applied voltage, temperature or other en- 
vironmental factors. This would permit equipment de- 
sign for specified life performance on the same basis as 
is now practiced in design for specified electrical per- 
formance, 

2. Publish life histories of components, especially 
miniature and other new types. 

3. Sockets that are really shockproof for standard, 
miniature, and subminiature tubes. 

4. Evaluate the effect of connector performance on 
the reliability of unitized equipments. 

5. Study the mechanism of electrical conduction in 
resistors of both film and composition types to supply 
information for resistor improvements. 

Quality design entails several considerations of the 
reliability program. Circuit design must be simple and 
employ the best available components. Perhaps too 
much freedom is exercised in design. In standard tele- 








vision receivers, for example, one component supplier 
reports that different values of peaking coils are re- 
quired by each set manufacturer although all coils per- 
form identical functions. Perhaps this idea can be ex- 
tended to military equipments where, theoretically at 
least, the purchaser can demand uniformity of product. 

Several component assemblies today are available for 
incorporation into equipment design, such as an inter- 
mediate-frequency amplifier shown in Fig. 1, developed 
by the National Bureau of Standards for the Navy 
sureau of Aeronautics. Note that the assembly is made 
up of module stages, with the conductive pattern ap- 
plied by a special automatic machine. In the construc- 
tion of this amplifier the screen process is employed to 
the fullest extent practicable. Although this unit was 
designed to illustrate the utility of printed circuits in a 
high-quality miniature unit, the method is not restricted 
to miniaturization projects. 

Another feature of this development is ease of pro- 
duction. Note that each stage of the unit is a module 
that can be manufactured separately and the individual 
units can be combined to perform whatever function is 
desired. This technique holds good promise as a high- 
quality production method; perhaps some day the silk- 
screen process will even make the circuit integral with 
the vacuum tube. 

Circuit simplification can also result in more reliable 
production because control can be directed to fewer 
items. In addition there is a trend toward mechanized 
assembly lines for end products, particularly among the 
three military services. Automatic dip-soldering of com- 
ponent assemblies is employed in television receiver 
production. A number of other development programs 
are active within the electronics industry such as the 
printed-circuit television tuner.(5) 

Problems related to vacuum-tube reliability have 
been considered in several technical meetings and prog- 
ress has been made toward producing more reliable 
vacuum tubes.(6) A significant advance has been made 
in a program carried out for the commercial airlines. (7) 
The manufacture of these tubes involves perhaps as 
much as four times the man-hours that go into ordinary 




















Fig. 3—In contrast to the sub- 
assembly construction in Fig. 
2, this equipment is an ex- 
ample of currently conven- 
tional construction. It saves 
much space and weight, but 
just to find a fault might take 
hours; to correct it requires 
-* great skill and care. 
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18 times. In a particular case 40,000 reliable tubes can 
supply production needs for a period which would 
otherwise require 180,000 ordinary tubes. 

Quality maintenance has all too often been ignored 
by the design engineer. Leaving the problem of main- 
tenance to the man in the field was a workable system 
when equipments were simple, few in number, and 
relatively reliable. But not today. Something more than 
knowing how to use a soldering iron is needed to main- 
tain electronic equipment. The design engineer has 
“passed the buck” of maintenance to such an extent that 
within the military establishment electronics personnel 
are on a shortage list along with medical specialists. 
Instead of working on advanced design assignments, 
they are needed at the scene of battle as repair tech- 
nicians. The problem of maintenance is to bring it 
to a point where knowing how to use a soldering iron 
will suffice. 

Subassemblies should be in replaceable plug-in pack- 
ages, and should be considered as components in the 
same light as resistors and capacitors in conventional 
equipment construction.(8) There is nothing at all new 
about the concept of subassembly construction. Fig. 2 
illustrates a construction technique used by the U. S. 
Navy in a radio installation in 1920. Primitive, yes, 
but designed for easy maintenance. For an example of 
conventional construction, consider Fig. 3. When a 
failure occurs in this equipment it may require hours 
(or days!) just to find the fault and additional time 
for repair. Failure in battle makes such equipment a 
liability rather than an asset. 

3ut suppose this equipment were constructed of re- 
placeable plug-in subassemblies, such as the radio re- 
ceiver of Fig. 4, a portion of a complete electronic sys- 
tem. Here, when a fault is located, repairs are made 
by quick change of the faulty stage. Telephone instal- 
lations are employing plug-in units in new systems; 
and there is now available a television receiver in 
which replaceable plug-in subassemblies are employed. 
The subassembly illustrated in Fig. 5 is a portion of an 
equipment in which nearly 2400 vacuum tubes are em- 
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tube production, but tube life is increased as much as 








Editorial Index for 1950 


Feature articles, editorials and articles in 
Design Trends and Transients appearing in 
ELECTRICAL MANUFACTURING through 1949, 
including volumes 45 and 46, are listed in an 
index now available upon request to the Editor. 

Articles are listed both under title and sub- 
ject headings in a general alphabetical index; 
all items appearing in Design Trends and Tran- 
sients are separately listed by titles, with cross 
references in the general index for longer 
articles in this section. All contributed articles 
are separately listed in an author index, al- 
phabetically by author and including the title 
of the article. 

Wherever copies of the 1950 issues are 
preserved this index will aid in using the pub- 
lication for reference purposes. 














ployed. If it had been built according to conventional 
methods it is likely that this equipment would be im- 
possible to maintain. With replaceable subassembly con- 
struction there are only 300 “components” to diagnose 
in locating a fault. But even simplified to this degree 
the problem still is ponderous without some kind of 
fault locator. Work is currently under way to combine 
plug-in subassembly construction with semiautomatic 
fault locator schemes that are simple and reliable. 
Closely tied to fault location is fault prediction to in- 
dicate a precasualty rather than a post-casualty—the 
subject of another investigation. An outstanding con- 
tribution appears in the ONR “Whirlwind” project at 
the Servomechanisms Laboratory at Massachusetts In- 
stitute of Technology. The usefulness of fault predic- 
tion or “marginal checking” in maintaining perform- 
ance in complex computers is obvious. 
(Continued on page 216) 






Fig. 4 (Left)—These packaged subassemblies are employed to good 
advantage in a new radio receiver—a recent development of Melpar, 
Inc., for the Bureau of Ships. When a fault is located repairs are 
made by quick change of the faulty stage. Fig. 5 (Below)—In a 
development by Arma Corporation for the Navy’s Bureau of Ord- 
nance, nearly 2400 tubes are employed in plug-in subassemblies 
such as this one. But fault indication is still lacking. 
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1—Quality Control begins with the surface grinding of 
built-up mica sheets on this special abrasive belt unit with 
power-driven feed rolls which carry sheets under precision- 
mounted belt spindle. In three to four passes on each side 
0.003 to 0.004 in. of stock is removed; accuracy held to 
0.00025 in. over whole area of sheet, checked by dial in- 
dicator fixture in background. Sheets range from 0.115 to 
0.033 in. thick. 


2—Trapezoidal-shaped copper bars cut in 18 in. lengths 
are assembled with separating micas around temporary 
mandrel and within a steel holding tube. Micas have been 
previously cut to width on a power shear. Upon comple- 
tion of assembly, bars are counted and a snap ring placed 
at each end to hold assembly. First step in compacting 
bundle is to push loose assembly into loading tube under 
hydraulic pressure. 


3—Further compacting by extrusion into work ring and 
cutting off of individual commutator assemblies is done in 
this special hydraulic tie-bar machine. Smaller hydraulic 
cylinder pushes bundle through work ring against a stop 
backed up by larger cylinder. Cutoff is effected with thin 
tool swung in an overhead pivoted arm by third hydraulic 
cylinder while assembly is chucked and driven by V-belt. 
Separate motor drives pump. Limit switch prevents start- 
ing spindle motor until extrusion ram is withdrawn. 


4—Assemblies in work rings are placed in collets, bored 
and faced at each end on modified dual-spindle precision 
boring machine. Four carbide-tipped tools for boring, 
chamfering dovetail and facing are mounted on hydrauli- 
cally actuated slide at right. Assemblies gaged for length 
within 0.003 in. 
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Universal Motors used on vacuum cleaners, elec- 
tric hand tools, and other similar products re- 
quire commutators of just as high a quality as 
for d-c aircraft motors. To meet such exacting 
demands on production runs up to 100,000 
pieces in sizes ranging from %4 to 3) in. OD. 
The Nippert Electric Products Co., Columbus, 


Ohio, has recently completed installation of line 


5—Elimination of possible shorts from dragover copper 
burrs created in the facing and dovetailing operation is 
effected by sandblasting on this unit. Air blast is directed 
from below while commutator assembly is held against 
orifice by pneumatic cylinder and rubber seal rings. 


6—Initial riveting of commutators and knockout of work 
rings are effected on this special hydraulic two-station in- 
dexing machine. Steel cores and lock rings have previously 
been manufactured on automatic screw machines. As- 
sembly includes mica V-rings and insulating tubes. Staking 
over is done while steel core is stationary. Work rings are 
dropped off upper chute to conveyor belt which returns 
them to extrusion machine (3). 


7—Riveting down in hydraulic press after curing commu- 
tators in batch-type electric bake oven in background. 
Cure on small diameter commutators is 1% hr at 375 F, 
press and return to oven for 2% hr bake before second 
pressing. Some larger diameters receive 15 hr total baking 
time. Temperature raised to 550 F for silicone-bonded 
micas for aircraft commutators. Pressures applied are as 
high as 32 tons, according to size and construction. 


8—Automatic rise-and-fall bench miller slots 28 commu- 
tator bars in 7 sec. Cutter spindle is belted to %-hp motor 
and its gravity fall is controlled by cam. Separate motor 
powers indexing function. Following this last machining 
operation, commutators are given a visual inspection and 
tested for shorts and grounds, using tapped transformer to 
give specified electrical inspection as high as 440 volts 
bar-to-bar and 2500 volts to ground. Before being packed, 
commutators are degreased and dipped in lanolin solu- 
tion to protect steel parts from rusting. 
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production methods. Much special equipment 
has been designed and built or adapted for this 
work. Additional equipment to manufacture 
commutators in the size range, 3% to 34 in. OD is 
to be completed in January, 1951. Key to the 
process, pictured on these pages, is assembly 
of bars and micas in approximately 18-in. tubes 


which are later cut to required lengths. 
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Precision Motor-Speed Control 


Differential between output of tachometer 
generator and stabilized reference voltage 
is used to control thyratron rectifier supply- 
ing power to d-c motor. 


EDWARD GARDINER 
Project Engineer 


Servo-Tek Products Co. 


ARIABLE-SPEED features of d-c motors are 
combined with the constant-speed features of a-c 
motors, in this precision motor-speed control which 
provides a high order of accuracy in variable-speed 
range selection. The selected speed remains extremely 
constant over a wide range of load and voltage vari- 
ations. Control is designed for use in laboratory and 
test equipment applications wherein precise speed 
selection and precise speed regulation are of primary 
importance. In this control, shown in Fig. 1, a tachom- 
eter generator is used for obtaining a d-c voltage which 
is proportional to motor speed. Thus, control is a 
velocity or rate servo in which the output speed rather 
than position is controlled by an input quantity. 
Performance of this control is given in terms of rev- 
olutions per minute and not in percentage of full speed 
as are many variable-speed motor controls. When the 
motor is operating at any speed, whether full speed or 
minimum speed, a load change from no load to full load 
will not cause motor speed to decrease more than 5 
rpm; smaller load changes will in turn cause smaller 
speed changes. Line voltage changes of + 10 per cent 


Speed 
contro/ 


Regulated 
reference 
voltage 


Amp/ifier 








Fig. 1—Load change from zero to maximum causes a 

motor speed decrease of only 5 rpm regardless of speed 

control setting. Dial on control knob is graduated in 
thousandths of full speed. 


will not cause the motor speed to vary more than 2.5 
rpm. These tolerances are held over the entire speed 
range of 40:1 on a motor with a base speed of 3600 
rpm. 

Complete system consists of a specially designed 
compound-wound, d-c motor which has its field and 
armature excited by a full-wave gaseous-rectifier supply. 
Speed of the motor is monitored by a tachometer 
coupled to the motor. Output of this tachometer, be- 
ing directly proportional to speed, is fed into an ampli- 
fier, shown in Fig. 2, where it is compared to a stabi- 
lized reference voltage. Difference between these two 


Rectrfier 


Fig. 2—Control is essentially a velocity or rate servo. Speed of motor is measured by a tachometer generator which 
in turn controls the output voltage of thyratron rectifiers supplying the d-c motor armature. 
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voltages is amplified and fed into the rectifier unit to 
control the motor. Essentially the system is a highly 
regulated voltage supply in which the reference supply 
is the standard and the motor drives the tachometer at 
a speed such that its output will always approach the 
standard reference voltage. 

Variable speeds are obtained by varying the arma- 
ture voltage while maintaining a constant field voltage. 
Grid-controlled thyratrons are used to rectify the a-c 
line to provide the armature voltage. Firing time of 
the thyratrons is controlled by placing a constant, 
phase-shifted, a-c rider on the d-c error signal from 
the amplifier. Sensitivity of thyratrons is such that a 
change of a few volts in the d-c error signal imposed 
on the grids will vary the motor speed from zero to full 
speed. A time-delay circuit is provided to allow the 
thyratron filaments to ‘“‘warm-up” before anode voltage 
is applied when the system is first energized. This de- 
lay circuit also allows the amplifier to stabilize before 
operation begins, 

Permanent-magnet field tachometer generates a linear 
voltage of 0.02 volt per rpm up to 5000 rpm. Tachom- 
eter is coupled directly to the motor or can be coupled 
2:1 for motors with a base speed of 1800 rpm. Using 
the tachometer with the 2:1 coupling will increase 
the sensitivity of the system. 

Amplifier is two-stage direct-coupled with compensa- 
tion for cathode-emission variations and other consid- 
erations associated with precision amplifiers, including 
a regulated power supply. Reference voltage is obtained 
from the regulated voltage of the amplifier and is 
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Precision Motor-Speed Control 
Fluorocarbon Hermetic Seal Design 
Magnetic Amplifier Control 
Wire-Wound Cooling Fins 


Spectrophotometer with Wire Recorder 


Cooling Electronic Equipment 
Phenolic Camera Parts 
Stud Welding Simplifies Design 
Counter-Rotating Drive 
Closed Circuit Television 


And other new ideas and 
developments of interest 





further regulated by using a newly developed tube 
which maintains its output to within 0.1 per cent. 
Speed-setting control consists of a ten-turn helically 
wound potentiometer with a dial graduated in thou- 
sandths of full speed. Adjustments are provided to set 
motor speed at any desired maximum speed and then 
by dial adjustments, this speed can be set to any de- 
sired lower speed. 

At present the motor control is available in %-, ¥-, 
and 34-hp models, using motors with a base speed of 
1800 or 3600 rpm. The %- and %4-hp models operate 
on either 110 or 220 volt a-c while the 34-hp en 
is for operation on 220 or 440 volt a-c. OO 


Fluorocarbon Hermetic Seal Design 


Terminal seals using molded trifluorochloro- 
ethylene resin solves sealing problem in de- 
sign of miniaturized 400-cycle high-operat- 
ing-temperature power transformers. 


A. B. HAINES 
Bell Telephone Laboratories, Inc. 


INCE transformers and inductors, particularly of 
the power type, are major items contributing to the 
bulk of most military electronic equipment, considerable 
pressure has been brought to bear on transformer de- 
signers to produce miniaturized components. Increasing 
importance has been placed on hermetically sealed de- 
signs to comply with rigorous moisture resistance re- 
quirements of the Armed Services; these call for the 
development of satisfactory sealed terminals. Six general 
requirements were set up: 
1, Ability to withstand continuous temperatures of 
operation up to about 200 C. 
2. Ability to withstand wide ranges of temperatures 
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and thermal shock (from —65 C up to +200 C). 

3. High degree of moisture resistance or hermetic 
sealing. 

4. High degree of resistance to “tracking” or plating 
on the surface of the terminal insulation, caused by ex- 
posure to relatively extreme humidity cycling with di- 
rect-current potentials applied. 

5. Small size consistent with operating and test po- 
tentials involved. 

6. Simple fabrication and ease of assembly in trans- 
former production. 

A thorough study was made of the various types of 
terminal seals available which appeared to have promise 
of meeting these requirements. These may be classified 
into four general categories as follows: (1) glass solder- 
seal types; (2) ceramic solder-seal types; (3) compres- 
sion gasketed types—using ceramic parts with such high- 
temperature gaskets as silicone rubber and various 
temperature resistant plastics; and (4) molded types 
using silicone rubber or high-temperature plastics. 
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plastic 


Fig. 1—Construction of molded Kel-F terminal seal for 
hermetically sealed miniaturized transformers. 


The two solder-seal types were generally not accept- 
able because (1) in small sizes (3¢-in. creepage paths 
or less) they were subject to plating action on humidity 
cycling and so were unable to comply with the JAN 
and MIL moisture resistance limits for power trans- 
formers and inductors; and (2) as a result of their 
mechanical construction, they were unable to satisfac- 
torily withstand the wide ranges of thermal shock re- 
quired. Studies on the compression-gasketed type show- 
ed that despite acceptable high-temperature operation, 
adequate sealing over the wide temperature ranges was 
not obtainable. 

This then led into vigorous investigation of the 
molded types of terminals with a final decision to use 
polymers of trifluorochloroethylene (commercially iden- 
tified as Kel-F ). This decision was based on the follow- 
ing desirable characteristics of the material: (1) ability 
to withstand extremes of high and low temperatures ; 
(2) unaffected by water; (3) extremely low moisture- 
diffusion rate; (4) unaffected by polarizing voltages; 
(5) high dielectric strength and surface leakage re- 
sistance; (6) ability to be molded; and (7) chemical 
inertness.* 

Size and configuration of the terminal on which the 
majority of the experimental work was eontenes is as 
shown in Fig. 1 and at the foreground in Fig. 2. This 
seal is a single-conductor unit, consisting of a center 
wire conductor molded in and insulated by the Kel-F 
resin in a round flanged eyelet. The new terminal may 
August and 


September 
see page 169. 


*See “Fluorocarbon Resins Appraised,” A. E. Javitz, 
September 1950, ELECTRICAL MANUFACTURING, Page 82 
issue refers briefly to these terminals. Reprint available, 
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Fig. 2—Several 400-cycle hermetically sealed, high-tem- 

perature operating transformers using these terminals. 

The terminal in the foreground is the same size shown 

in Fig. 1 (Transformers are in commercial production by 
Western Electric Company.) 


be soldered into metal covers by blow torch, soldering 
iron or other suitable methods, provided that the resin 
is not heated in excess of 225 C. Induction or r-f heat- 
ing has proven to be the most satisfactory method, since 
it is capable of raising the temperature of the work- 
pieces without causing excessive heating in surrounding 
areas. 

Test results indicate the following electrical, mech- 
anical and moisture-resistant characteristics, particularly 
in the size shown in Fig. 1: 

1. Dielectric Strength. Voltage flashover occurs on 
the terminals at approximately 8500 volt rms at sea 
level (50 per cent RH) and at about 2800 at a pressure 
corresponding to 50,000-ft altitude at 90 per cent RH. 
In all instances, flashover occurs over the surface 
(Fig. 3). 

2. Corona Starting Voltages. Approximately 3200 
volt rms at sea level and 2200 at 50,000 ft. Corona 
formation is apparently independent of relative humid- 
ity (Fig. 4). 

3. Current-Carrying Capacity. 15 amp rms. 

4. Insulation Resistance at Power Frequencies. This 
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Fig. 3 (Left)—Voltage flashover characteristics of the molded Kel-F seal at various altitudes and 50 per cent RH. 
Fig. 4 (Center)—Corona starting voltages under same conditions. Fig. 5 (Right)—Resistance characteristics. 
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is 10® megohms or better. Results indicate that the 
terminal is better adapted for low-frequency than for 
high-frequency applications (Fig. 5). 

5. Resistance to Arcing. Kel-F material used 
(NST300 Grade) has been found to have quite high 
resistance to voltage arcing. Sample terminals have 
been flashed over many times at sea level without 
measurable degrading of dielectric properties. But con- 
tinuous arcing will produce temperatures above 225 C 
and may result in softening of the plastic. 

6. Effects of Relative Humidity on Flashover and 
Corona. Little effect on surface flashover and corona 
starting voltages. It has thus been possible to uprate 
any given size for considerably higher operating poten- 
tials. These advantages in size are naturally of major 
importance in the use of terminals in miniaturized high- 
temperature power transformer units. 

7. Thermal Shock. Will readily withstand hundreds 
of cycles from —75 to +200 C without any detrimental 
effect. 

8. Air and Oil Tightness. Can withstand air pressure 
and oil pressure tests up to 75 psi for temperature 
ranges from —75 C to +200 C. 

9. Terminal Pull Resistance. As constructed in Fig. 1, 
can withstand terminal pull tests as specified by JAN- 
T-27 up to 10 Ib. At 150 C terminal can withstand a 
straight pull test of 10 Ib for over 100 hr. 

10, Potting Temperatures. Will withstand potting or 
filling of cases with compounds at temperatures up to 
260 C without measurable effects on electrical and 
mechanical properties. 

11. Fatigue. Some 50,000 operations before failure. 
Each operation consists in applying a force to the outer 
end of the terminal at right angles to the axis so that 
the outer end travels through a total excursion of % in. 
Failure usually occurs in the phosphor-bronze center 
conductor. 

12. Life Tests. No measurable effect on properties in 
a-c and d-c tests, which have now progressed to about 
14,000 hr at temperatures up to 175 C. 

13. Salt Water Immersion. Immersion tests required 
in government specifications for transformer compo- 
nents can be readily met without any measurable effects 
on the flashover voltages, insulation resistance and 
corona characteristics. 

14. Humidity Exposure. Virtually unaffected either 


WOM BMH 


aminated phenolic Plates. 


Laminated phenolic ways are used to reduce scor- 
ing, cutting and undue wear, in this 9-in. planer- 
type boring, drilling and milling machine designed 
by The G. A. Gray Co., Cincinnati, Ohio. Machine 
uses laminated phenolic sheet, secured by lami- 
nated phenolic pins, on all bearing surfaces. Some 
of the castings worked on the machine weigh up 
to 85 tons. Because of the low friction of the 
plastics plates and their low heat transmission, 
practically no heat is transmitted from the way 
surfaces to the metal table. 








with or without polarizing voltages. Tests indicate that 
no appreciable decrease in insulation resistance takes 
place with time for these terminals; all other types 
measured tend to take on some moisture as the number 
of cycles is increased. ooo 


+ See Fig. 4C, page 82, September 1950 issue (see reference in first 
footnote). 


Magnetic Amplifier Control for Packaged Drive 


Good speed regulation on adjustable-speed 
drive obtained by armature-current feedback 
to amplifier to compensate for IR drop in 
armature circuit. 


LOSE speed regulation even at low speeds is ob- 
f: tained with magnetic amplifier control of a 
basic variable-voltage drive system in the Select- 
A-Spede drive manufactured by the Louis Allis Co. A 
two-bearing motor generator set, Fig. 1, takes power 
from polyphase a-c lines and supplies an open-type d-c 
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motor. Speed changes from Mth base speed to full base 
speed are obtained by varying armature voltage; with 
the proper motor as much as five times base speed 
can be obtained by motor field weakening. Good speed 
regulation at any setting is assured by armature-current 
feed-back to the magnetic amplifier to compensate for 
IR drop in the armature circuit. 

In Fig. 2, the drive is shown schematically without 
the field-weakening control. Pressing the upper start 
button starts the a-c motor and energizes the d-c drive 
motor field but does not start this motor. Starting the 
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Fig. 1—Power unit with cover removed to show m-g set 
in base and Cutler-Hammer control panel with starters, 
rectifiers and magnetic amplifiers. 


latter is accomplished by pressing the lower start but- 
ton, located in the operator control station, which ener- 
gizes the generator field control and closes the loop con- 
tactor through 1M. The inherent time constant of the 
generator field plus delays built into the control gives a 
smooth start regardless of speed setting, which is ob- 
tained by a potentiometer at control station. This poten- 
tiometer is in the control circuit winding of the magnetic 
amplifier, as shown in Fig. 3. 

The two basic windings of the magnetic amplifier are 
the power winding and the control winding. When 
the current in the control winding is at a minimum, 


FIG. 3 








Remote control of volume is achieved in this FM 
receiver through the use of super audible tones at 
low modulation. Developed by Radio Engineering 
Laboratories, Inc., Long Island City, N. Y., receiver 
incorporates electronic relaying circuits which allow 
control from a remote location, such as the an- 
nouncing booth in transportation terminals where 
piped music is used for background. 








this magnetic amplifier acts to block the flow of current 
to the generator field through the power winding and a 
bridge-type dry-plate rectifier. As the current in the 
control winding is increased, this blocking effect is 
reduced, allowing more current to flow to the generator 
field. Thus by adjustment of a small potentiometer 
type rheostat, the generator field strength is altered, 
resulting in a change in the voltage supplied to the 
drive motor and hence its speed. 

The JR compensating winding and the anti-hunt 
winding, Fig. 3, are auxiliary windings that function to 
modify the effect of the control winding. The former 
serves to increase the generator voltage as the load in- 
creases and thus reduce the change in motor speed 
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| JRcomp.| Fig. 2—Elementary wiring di- 
| wonting agram of drive, with separate 
| starters for m-g set and d-c 

Le mel drive motor. 

Tre — er -- Magnenc B 
lidelll acts ieee wal ct teies i Fig. 3—Magnetic amplifier 
circuit for field control of 
Mofor field 
generator. 
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Top Products in Every Line 


Cut Costs and Build Sales 
with AMERICAN PHILLIPS SCREWS 


HOW THEY CUT COSTS: From vacuum cleaners to 
vending machines; from trucks to office appliances 
and suntan lamps... manufacturers use American 
Phillips Screws to speed up production, stop spoil- 
age, and cut unit-costs. For these modern fastenings 
banish fumbling, crooked driving and scarred sur- 
faces ... cut assembly time as much as 50%. 


HOW THEY BUILD SALES: On any product, the 
crossed-recess of American Phillips 
Screws is a “green light” to buyers 
who stop and look for an outward 
index of inward quality. They 
know that smooth-headed Ameri- 
can Phillips Screws protect prod- 
uct-performance by staying tight 






AMERICAN 
PHILLIPS 


and resisting vibration. Does your product have 
these two American Phillips advantages of cost- 
reduction and sales-promotion? No reason why 
it shouldn’t ... for American Phillips Screws always 
cost least to use. Write for proof. 


AMERICAN SCREW COMPANY, Main Office: Providence 1, R. I. 
Plants at Willimantic, Conn., and Norristown, Pa. 
Warehouses at: Chicago 11: 589E. Minois St. Detroit 2: 502 Stephenson Bidg. 


ALL TYPES © 
IS ALL METALS: Steel, 

Brass, Bronze, Stain- 

. less Steel, Aluminum, 

Monel, Everdur (sili- 


con bronze) 
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which otherwise would occur due to the increased 
IR-drop subtracting further from generator voltage. 
The anti-hunt winding operates only during a change 
in speed and serves to cushion any abrupt or oscillating 
changes. 

In the speed range above motor base speed, the ap- 
plied voltage is held constant and the field strength of 
the motor lowered in order to effect a change in speed. 
A plate type rheostat is used to control the motor field 


Spectrophotometer with 


Use of a built-in commercially available mag- 
netic recorder makes it possible to success- 
fully apply the “memory standardization” 
method to this instrument. 


AGNETIC recording principles have been ap- 
plied in the design of a single-beam, direct- 
transmittancy, infra-red spectrophotometer by Beck- 
man Instruments, Inc., South Pasadena, Calif. Block 
diagrams show the arrangement of the standardizing and 
playback circuits which are essentially servo systems. 
Briefly, operation is as follows: Standardizing run is 
made on empty or solvent-filled absorption cell. During 
this run, signal from photo-receiver is automatically 
maintained at a constant level, and the resulting slit 
width vs wavelength function is magnetically impressed 
on a wire recorder. The sample is then placed in the 
same cell, and the information played back from the 
wire recorder automatically controls the wavelength 
and the slit-drive motors so that the conditions which 
produced the constant 100-per cent reference level are 
precisely reproduced, and the absorption spectra from 
the sample are recorded directly in. transmittancy. Same 
reference wire is used on repeat runs, thus eliminating 
repetition of standardizing measurements. 
Several alternatives were considered before Beck- 
man engineers settled on the use of the wire recorder. 
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FILTER 


OIF FERENTIAL 
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100% CONTROL ] 
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strength when operating above base speed. With a 
weakened motor field, the magnetic amplifier still con- 
trols the generator output voltage, thereby providing 
close speed regulation. 

When operating below base speed, the drive is es- 
sentially a constant-torque device. However, when 
used in connection with a motor capable of speed adjust- 
ment by field weakening, constant-horsepower charac- 
teristics are obtained above base speed. O00 


Wire Reeorder 


lt MET Ri. 





One of the Beckman research spectrophotometers (Mod- 
el 1R-3) utilizing a built-in Lear magnetic wire recorder. 


Two basically different systems were proposed; and a 
model of each was built: 

1. A system which stored information regarding 
changes of position in terms of a sequence of pulses 
recorded on a special magnetic wire recorder or a con- 


SPECTROMETER SIGNAL AMP 
6 
SYNC RECT 


FILTER & 
OC AMP 


Left, block diagram showing elements of standardizing system in Beckman spectrophotometer; right, block diagram 
of the recording and playback system. The three carrier channels with frequencies of 1750, 2750, and 3750 cps are 
amplitude modulated and are stored on a common wire. 
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RELAYS BY GUARDIAN 


RESOLVE IN 1951 to improve your products . 


armament and power units coming under government contract. Let 
Guardian, No. 1 supplier of improved electrical controls, produce single 


.. especially radio, 


units or complete control assemblies for you ... in quantity. Guardian 


GOVERNMENT APPROVED CONTROLS will insure smooth, sat- 
Screw Terminal isfactory performance. 


Hermetic Housing 


The Series 335 D. C. Relay shown above, is typical of Guardian units built to the 


rigorous standards of aviation relays. Furnished open, or with a variety of 
HERMETICALLY SEALED housings. 
New Hermetically Sealed Relay catalog 5-H is yours for the asking. 


Series 595 D.C. Series 210 A.C.—215 D.C, Series 220 A.C. Series 695 D.C. Series 610 A.C.—615 D.C. 


Write — ASK US TO MAKE SPECIFIC RECOMMENDATIONS. NO OBLIGATION. 


GUARDIANWELECTRIC 


1627 A W. WALNUT STREET CHICAGO 12, ILLINOIS 


A COMPLETE LINE OF RELAYS SERVING AMERICAN INDUSTRY 
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ventional disk recorder: This “history system” was 
finally abandoned because of the practical impossibility 
of obtaining signal-to-noise ratio sufficiently high to 
eliminate introduction of errors during recording and 
playback. The system, too, had the fault that an error 
once made persisted throughout the remainder of the 
run. (The present phase-recording system finally 
selected permits temporary failure of the recorder or 
erroneous information without permanent error in the 
controlled position, because it is a position system, 
rather than a position-increment or change system). 

2. A system in which the relative positions of two 
controls are recorded in terms of differences from a 
third or reference channel: This system was adopted in 
order to avoid the need for exact positioning of the 
recording medium relative to one of the instrument 
controls. When this principle of operation was pro- 
posed it was realized that it permitted operation on any 
high-quality commercial recording system (disk, film, 
or magnetic tape or wire) obviating the need for spe- 
cially built equipment. 

Further consideration eliminated photographic rec- 
ording owing to the inconvenience of developing the 


film, and the commercial wire recorder was adopted as 
the most convenient and best available recording means ; 
especially since a unit was available which seemed well 
built and proved on tests to have adequate fidelity 
characteristics, a matter of considerable importance be- 
cause of the intermodulation problem. Also, the wire 
recorder selected had a fast return and forward skip 
speed and a convenient dial to indicate approximate 
position of a recorded signal in terms of minutes of 
recording from the start of each reel. Few changes 
were made in this recorder; primarily the omission of 
associated parts such as the power supply and routine 
modifications necessary for assembly purposes. 

Tape could be used instead of wire as the recording 
medium,* but at the time this design was finalized, good 
tape recorders were still few in number and relatively 
expensive. The actual choice in favor of wire was 
based on recorder price, operating convenience (for- 
ward skip speed, rewind speed, total recording time, 
solenoid control). Compactness was another factor of 
significance which favored the wire medium, but the 


_* See “Magnetic Recording Systems in Product Design,” A. E. Javitz, 
Feb. 1950, ELecrricaL MANUFACTURING, p. 74 for discussion of magnetic 
recording applications. 








Stud Welding Simplifies Design of Power Transformers 


End-welded studs are now being 
widely used by Westinghouse engineers 
at the Sharon, Pa., plant for fasten- 
ing bushing flanges, covers for switch 
chambers and tap changers, nameplates, 
meters, cable guards and coil sup- 
ports. In the method developed here, 
which accounts for its general use, 
studs are machined with a point on 
the end to be welded; stud locations 
are marked by center punch using tem- 
plates, which makes accurate position- 
ing easy. Studs can be positioned and 
attached at an average rate of six per 
min, and all drilling and tapping oper- 
ations are eliminated. Further, it is no 
longer necessary to weld flanges or 
bosses to sheet metal to obtain sufficient 
depth for tapping. 

Studs protected by a ceramic sleeve 
are welded to bushing flanges as shown 
in Fig. 1. Sleeve is broken after weld- 
ing is completed. To the left of the 
operator are switch chamber covers on 
which shoulder studs have been welded 
to hold nameplate. Shoulder studs for 
another mameplate are shown in Fig. 2. 
Also behifid the opening are four more 
studs on which an indicating instru- 
ment is mounted. In Fig. 3, cadmium- 
plated studs are welded to secure bush- 
ing bosses to the transformer shell. To 














reduce eddy-current losses, sections be- FIG. 3 FIG. 4 
tween bushings are cut out and filled bolted to studs welded directly to the tions supplied through the courtesy of 
with nonmagnetic steel. Front cover plate stock used for the housing; no re- Nelson Stud Welding Div., Lorain, 
plates on tap changers, Fig. 4, are  inforcing bosses are needed. (Illustra- Ohio.) Oo0 
cel 
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“KNOW-HOW” IS 
ONE THING..... 


-e-e- TO DO IT BETTER 
IS WHAT COUNTS! 


Fansteel 


ELECTRICAL CONTACTS 


Years ago, the men of Fansteel made a decision which has never been 
changed .. . to do things better. Carrying out this decision has not 
always been profitable, but nevertheless it has been rigidly followed. 


Of course, the ‘‘know-how’’ had to come first. Fansteel’s ‘“‘know- 
how’”’ hasliterally been grown from the ground up, nurtured and strength- 
ened by years of experience in metallurgy and electrical engineering, 
and in close cooperation with thousands of users of electrical contacts. 


Finding the way to make better electrical contacts has resulted from 
Fansteel’s overwhelming determination to produce perfect electrical 
contacts at lowest possible costs. This has meant the development of 
the most modern plant facilities in the world, and an organization of a 


vast number of varied skills. 


Manufacturers of electrical devices have recognized Fansteel’s ‘‘know- 
how to do better,’’ and are making good use of it. These manufacturers 
use Fansteel’s engineering assistance and order Fansteel electrical con- 

hd tet eer tanta, tacts on an annual basis. Fansteel Metallurgical Corporation, North 


“'Fansteel Electrical Contacts Chicago, Illinois, U.S.A. 


Kansteel _. 


ica tlieatal ELECTRICAL CONTACTS 
ppestasts AND ELECTRICAL CONTACT ASSEMBLIES 
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Some 24 molded phenolic parts are incorporated in the operating mechanism of this Ryan aerial camera maga- 
zine. Dimensional stability so closely balances that of the metal parts that mechanism functions with satisfac- 
tion through a temperature range of —60 F to +165 F. (Right) A selection from the many molded Durez phen- 
olic parts in the gear box of the camera magazine. Note the molded-in metal inserts. Extremely close tolerances 
were attained in the molding operation; no machining was required. 


















a . stability of phenolic 


parts was put to a severe test 
in the redesigned A8B electrically op- 
erated camera manufactured by Ryan 
Industries, Inc., Detroit. Redesign of 
the camera was required to allow in- 
corporation of a Geneva mechanism to 
provide intermittent motion. One of 
the major problems encountered was 
to arrive at a combination of plastics 
and metals that would function prop- 
erly at the temperature extremes at 










phenolic with a rate of 0.0019 were 
selected. Other 
slightly lower coefficient were available, 
but an impact-type material was re- 
quired for strength. At the same time, 
it was highly desirable that the phe- 
nolic be of a self-lubricating type. The 


phenolics with a 


addition of a very small percentage of 
graphite produced the self-lubricating 
quality and also lowered the thermal 
expansion coefficient slightly. 

In view of the excellent operating 


Phenolic Parts in Aerial Camera Selected for Thermal Expansion Coefficient 


phenolic parts without undue deforma- 
tion resulting. Dimensional stability of 
the phenolic parts was checked by test 
pieces made in experimental molds. 

Use of plastics parts effected a weight 
reduction in the magazine over the 
original model of approximately 3% lb. 
An additional 4%-lb saving was ac- 
complished by using glass-fiber phe- 
nolic laminate for the cover of the 
magazine. 

All parts molded for Ryan Indus- 














which the camera might have to be characteristics 


operated. 

For one of the gear mechanisms an 
aluminum alloy having a thermal ex- 
pansion coefficient of 0.0011 and a 


design does not necessarily exclude the possibility of 
using some tape recording units now available. The 
Beckman engineers say room could be made for a tape 
recording unit, if this were advisable. Tape recording 
has been working excellently, it is reported, but showed 
no great superiority over wire for this job. 
Recording speed is standard for wire—2 ft per sec. 
Since the recording signal is an audio-frequency sine 
wave, not a pulse, the greater area of recording: space 
per unit length available in tape, as against wire, is of 
no significance here. A standard Lear wire recorder 
is used in this application, suitably modified, as noted. 
Complete spectrophotometer is housed in several 
units because it is large and can be naturally separated 
into assemblies having distinct functions. This adds to 
flexibility and has in fact been a philosophy basic in 


122 


obtained from _ this 
selection of materials an increase of 
operating speed was warranted. The 
greater stresses arising from the higher 
speed could be imposed safely on the 






tries by Molded Products Company, | 
Detroit. All phenolic compounds (ex- | 
cept for the glass-fiber laminate) sup- | 
plied by Durez Plastics & Chemicals 


Inc., N. Tonawanda, N. Y. Bo 
























the design of many other instruments manufactured by 
this firm. In addition, it simplifies maintenance, makes 
the incorporation of future modifications easy, and leads 
to no increase or decrease in cost because fewer ele- 
ments need to be integrated. ooO0 


Closed-Cirecuit Television 


Up to 125 TV receivers can be driven simultaneously 
with clear, better-than-average pictures directly from a 
TV camera using a single piece of intermediate equip- 
ment called the Dumitter, developed by Allen B. Du- 
Mont Laboratories Inc., Clifton, N.J. Both video and 
aural signals are fed through a single coaxial cable to 


(Continued on page 218) 
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test and Research Instruments 


Equally valuable in el i 

po seg in e ectronic research, i 
= we: re circuit investigation, ae ea 
Sncsiae a are available through your ‘aoad 
parepanypenens . mth Consult him, or write for sack 
ae est Instruments, Weston Electric 1 
aaa ey 593 Frelinghuysen deiahait 
ae ee ... manufacturers of Weston ond 


Model 564 Volt-Ohmmeter provides a broad selection of resist- 

ance and d-c voltage ranges. Self-contained battery for resist- 

ance measurements. Sensitivity 1,000 ohms pet volt. 
—— 





and d-c voltage, 


ombines a-c 
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Model 697 Volt- 
direct current, and resistance ran 
Sensitivity 1,000 ohms per volt. 

























ctronic Analyzer makes most elec- 
AM and TV service work in the 
yolt-ohm-milliam- 
probe type 


Model 769 High Frequency Ele 
tronic measurements for FM, 
vhf and uhf fields. Three instruments in one: 
meter, high impedance electronic volt-ohmmeter, 


- vacuum voltmeter. 
a nsitive Analyzer checks tube circuits in elec- 
i ivers. Measures 


ON 
Model 779 Superse 
1 equipment. transmitters, 
indicates powet levels in decibels in audio, 
communications equipment. 
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|||) MATERIALS and COMPONENTS 


EMME ALORA BOY LER EE EE BB 


To aid readers in placing their 
needs before suppliers, each item 
reviewed here is assigned a number 


MALL multipole convertible contactor, Size 00, 
type CRA measures only 234-in. square and pro- 
vides easy circuit conversion without additional parts 
by means of reversible contacts. Contactor has only 
four basic parts: (1) frame containing magnet, coil 
and right-angle mechanism; (2) movable contact unit; 
(3) stationary contact base, and (4) mat-finished con- 
tact cover plate. Movable contact unit is mounted 
direct to carrier bar of right-angle mechanism by two 
screws. This unit, which assembles either side out, pro- 
vides for automatic positive contact pressure control by 
means of a center-float device. Contacts are vertical 
and make-and-break action is horizontal. Moving con- 
tact unit is self-aligning with other contacts in stationary 
alkyd base. Contacts are reversible without disassembly 
of the contactor; no loose springs. Circuit conversion, 
addition or deletion of poles, are accomplished by re- 
moving two terminal screws and two holding screws, 
then inverting and transposing contacts. Front wiring 
and straight-through connections are features of both 
4- and 8-circuit assemblies. Auxiliary terminals are 
riveted to the stationary contact base. Contact cover 
plate has a special light-colored, mat finish which en- 
ables the various terminals to be marked with rubber 


EE el RGA MMe RSS 


which is repeated with title in the 
Reader Inquiry Facility on page 
169. Complete address is also given 


SIZE OO CONVERTIBLE CONTACTOR HAS RIGHT-ANGLE MECHANISM 






to aid those who wish to write 
direct. When writing please men- 
tion ELECTRICAL MANUFACTURING. 






stamp, pen, or pencil. Contact chambers are totally 
enclosed. Contactor is produced in 2- to 8-pole types for 
requirements of 6 to 600 volt a-c, and 6 to 230 volts d-c. 
The Arrow-Hart & Hegeman Electric Co., 103 Haw- 
thorn St., Hartford 6, Conn. 


For further information, circle No. 1 on Reader Inquiry Facility, page 169 


TRANSFORMERS HAVE TEMPERATURE RATING OF 200 C 


INE of miniature transformers has open-type con- 
struction and a continuous winding-temperature 
rating of 200 C. Class H high-temperature insulating 








materials are used: silicone-bonded glass fiber and 
mica, sheet mica, silicone-coated glass-fiber cloth, and 
silicone resin for core and coil impregnation. Magnet 
wire is ceramic insulated. Cores are made of grain- 
oriented, low-loss, silicone steel tape. Standard trans- 
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Volt-amp rating 


Regulation and efficiency curves for line of transformers are 
shown above; both compare favorably with normal Class-A in- 
sulated units. All transformers meet requirements of JAN-T-27, 
Grade 3, Class D specifications. Solder terminals are located on 
periphery of coil in accordance with individual requirements. 
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FOR SOUND DESIGN AND 


DEPENDABLE PRODUCTION... 


CHICAGO 


MOLDED 
PLASTICS 


@ Here's a high chair tray that really tops 
them all. It's big and roomy . . . extra deep 
... and the smoothly rounded corners make 
it easy to keep clean and sanitary. It’s molded 
of a high impact styrene material and is not 
affected by hot water, soaps or foods. It’s 
tough, too, with extra thick walls to with- 
stand plenty of abuse. It's a Chicago Molded 
job, of course, produced for Rochelle Furni- 
ture Mfg. Co., Rochelle, Illinois, makers of 


Babytime Juvenile Furniture. 
en @ 


Whether it’s for a high chair tray or 
a high frequency electrical compon- 
ent...a large switch housing or a 
tractor part... the shrewd buyer of 
molded plastics looks beyond the 
quoted price to see what the price 
includes. And that’s why, year after 
year, so many of the biggest names in 





industry say, “Chicago Molded Plas- 
tics, of course.” 

And why not? Our organization 
has developed a knowledge of ma- 
terials, methods and techniques that 
comes only with experience... and 
we've had more than 30 years of it, 
both in peace and in war. We can 
provide the molding method best 
suited to each job for we have every 
needed size and type of equipment 
for compression, injection and 
plunger molding. And we offer a 
complete service, assuming undi- 
vided responsibility for engineering, 
designing, mold-making, molding 
and finishing. 

These factors are extremely im- 
portant in the selection of a plastics 
molder. In times like these the skill 
of your plastics molder may mean 
the difference between success and 
failure. You are relying upon his 





ability to produce a vital component 
and to make deliveries in accordance 
with your needs. 

So... when planning your next 
molded plastics job, remember... 
look beyond the price to see what 
the price includes. Talk it over with 
a Chicago Molded engineer. There’s 
no obligation. Just write or phone. 


CHICAGO 
MOLDED 


PRODUCTS 
CORPORATION 





1024 North Kolmar Avenue 
Chicago 51, Illinois 


COMPRESSION, INJECTION AND PLUNGER MOLDING OF ALL PLASTIC MATERIALS 
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formers are designed to operate on 380/1600-cycle 
aircraft power supplies, but special units for 60-cycle 
operation can be built. At aircraft power-supply fre- 
quencies, savings are accomplished in both size and 
weight, compared to similar units using Class A in- 
sulation materials. However, size and weight are not 
materially or economically reduced in 50- or 60-cycle 
models in sizes with ratings less than 100 va; only 
advantage gained is operation at temperatures above 
85 C. Designs are available for rms test voltages up 
to 10,000 volt at sea level and up to 5000 volt at 50,000- 
ft altitude, and in power ratings from 2 va to 2 kva. 
Average no-load to full-load regulation range is from 3 
per cent for a 1-kva unit to 15 per cent for a 25-va 
unit. With a transformer designed for a 115 C rise, full- 
load cold to full-load hot regulation range is about 50 per 
cent of the no-load to full-load regulation. Transformer 
types available include: filament, plate supply, chokes, 
plate and filament, and 3-phase plate. Typical dimensions 
for a 530-va, 380/1600-cps plate supply transformer 
with a 530/0/530-volt rms secondary are 3344 x 2% x 
3% in. New York Transformer Co., Inc., Alpha, N. J. 


For further information, circle No. 2 on Reader Inquiry Facility, page 169 


EXPLOSION-PROOF MOTORS 


Totally enclosed, fan-cooled, explosion-proof motors 
are UL-approved for Class I Group D, Class II Group 
F, and Class III Group G hazardous locations. Avail- 
able in NEMA frames 364-505. One-piece stator frame 
is of corrosion-resistant gray cast iron; external fins 
increase heat dissipation and provide _ structural 
strength. Stator coils are group wound of vinyl-acetal 
insulated wire with no brazed or soldered connections. 
Assembled stator with coils is varnish impregnated 
and baked. Gray cast-iron end shields are assembled 





to frame by heat-treated and cadmium-plated screws. 
Fan cowl is also of gray cast iron with integrally cast 
grid opening. One-piece bronze fan is non-sparking. 
Skewed-slot rotor has die-cast aluminum bars. Bear- 
ings are double-row width, prelubricated and sealed. 
Motor leads are sealed in frame, permitting rotation of 
the gray cast-iron conduit box to any of four positions 
90 deg apart. Elliott Co., Crocker-Wheeler Div., 
Jeannette, Pa. 


For further information, circle No. 3 on Reader Inquiry Facility, page 16 


PLUG-IN BASES AND SOCKETS 


Noninterchangeable bases and sockets for plug-in 
unitized assemblies are available with from 11 to 20 
pins. By using less than 20 pins and selecting varia- 
tions of pin layouts, mismating of units can be elimi- 


126 


nated and critical voltages and frequencies can be 
isolated. Terminal cards, brackets and bails can be 
mounted on bases with standard production tools. Bases 
or sockets have no molded center boss to break; pins 
are strong and stubby. Retention force of base can be 





varied from 28 to 48 lb by varying the number of lock- 
ing contacts in socket. Bases and sockets are molded 
of mica-filled phenolic or melamine. Pins on base are 
nickel-plated brass with open ends for dip soldering. 
Tapered notches on side of base provide for easy 
crimping of housing to base. Sockets have cadmium- 
plated steel mounting brackets and contacts are cad- 
mium-plated beryllium copper with current-carrying 
capacity of 17 amp. Two types of sockets are avail- 
able: one for chassis mounting and one for rack mount- 
ing. Bases are 1°%40-in. square, sockets are 1.548- 
in. diam. Identification color coding to specification ; 
color or colors are painted within locating rings. 

Also available is type 8101F-8101M high-voltage 
disconnect which gives a protective seal around contact. 
Disconnect has molded-on leads and body made of 
polyethylene. Contact is made in last 4 in. after sleeve 
and stud are sealed. Designed for operation at 15,000 
volt d-c; actual flashover occurs at about 31,000 volt 
a-c peak. Tin-plated brass connection clip will carry 
15 amp. Alden Products Co., 117 North Main St., 
Brockton 64, Mass. 

For further information, circle No. 4 on 


Reader Inquiry Facility, page 169 


VARIABLE-SPEED TRANSMISSION 


Tandem-belt design vari- 
able-speed transmission, All- 
speed Drive, is available in 
six models, rated at 1, 3, 5, 
7%, 10 and 15 hp and have 
stepless speed variations of 
16:1, 10:1, 9:1, 8:1, 6:1 and 
6:1, respectively. At 1725 
rpm input, l-hp unit has a 
speed range of from 215 to 
3450 rpm; while in 15-hp 
unit, speed can be varied 
from 370 to 2220 rpm with 
an input speed of 1750 rpm. Both shafts are in line. 
Units can be furnished for vertical or horizontal opera- 
tion and either direction of rotation. Handwheel con- 
trol is normally furnished but electrical remote controls 
are available. Transmissions have wide-spaced bearings 
which maintain the input and output shafts in align- 
ment regardless of belt-tension load. All rotary motion 
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Yes! we said gear motors 
(UP TO 150 HP 


for dependable low-speed drive 












This portable asphalt mixer, product of lowa Manufacturing Co., puts a 50-hp 
G-E gear-motor to good use. Electric gear-motor drive provides extra dependability 
and flexibility. 


_ G-E ze//ctav GEAR-MOTORS 


compact, efficient, extra-protected 


Even for large low-speed drives up to 150 hp, there’s a G-E 
gear-motor that can fill the bill. With it you eliminate sepa- 
rate gears or reducers, because you buy only one compact, 
pre-engineered power package. You save purchasing and 
engineering costs by specifying one unit to do the job. 

In hazardous areas, too, G-E explosion-proof gear-motors 
offer extra protection for applications where open gears, 
belts, and pulleys are prohibited . . . and in addition to these 
features, you get: 


UNIT RESPONSIBILITY— G.E. assumes unit responsibility for 
both gear and motor, whether it's rated at 1 or 150 hp. You 
avoid many design and purchasing problems. 





Planetary gear reduction gives you smooth transmission with 
the greatest load-carrying capacity in the smallest space. 


PRE-ENGINEERING— G-E gear-motors are pre-engineered to 
work as a unit, give you the best possible combination of gear 
and motor for your job. 


OVER-ALL PROTECTION— Integrated housing shields the 

whole unit from dust and dirt, permits application where chains 

and belts cannot be used. 

Standard ratings up to 75 hp are available from stock, and 
a _ special quotations are issued for ratings up through 150 hp. 

In another auphalt-processing operation, easy starting and To fill your needs on all gear-motor requirements, call your 





nae parte lg Petite cowie ren Bai nearest G-E Sales Office or your local distributor. Apparatus 
engine drive. Dept., General Electric Co., Schenectady 5, New York. 


GENERAL ELECTRIC 
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in the unit is carried on shielded ball bearings, lubri- 
cated for life. All sliding fits are made with easily re- 
movable bronze-composition bushings. Bearings on both 
the input and output shafts are locked to provide for 
a thrust load. Skeleton and enclosed models, and a pack- 
aged unit with built-in NEMA standard motors are 
available. Worthington Pump and Machinery Corp., 
401 Worthington Ave., Harrison, N. J. 


For further information, circle No. 5 on Reader Inquiry Facility, page 169 


DIFFERENTIAL PRESSURE CONTROL 


Designed for use on low differential pressure where 
regulation is required in inches of water, either pres- 
sure or vacuum. Cat. 111-D control is airtight on both 
vacuum and pressure side of neoprene diaphragm and 
no seals are used. Obtainable in standard ratings rang- 
ing from O to 20 in. water pressure or vacuum with 
range adjustment and with fixed differentials from 0.2 
to 2 in. of water. Electrical ratings are UL-approved 
for 10 amp 125 volt or 5 amp 250 volt a-c. Contacts 
are SPDT. Unit has a cast-aluminum housing and 





measures 84% x 7 x 5 in.; 4-in. NPT connection pro- 
vided for wiring. Most machined parts are cadmium- 
plated brass. Coral Designs Div., The Henry G. Dietz 
Co., P. O. 248, Forest Hills, N. Y. 


For further information, circle No. 6 on Reader Inquiry Facility, page 169 


MIDGET MERCURY RELAY 


Type 1140 midget mercury 
relay has contacts hermetic- 
ally sealed in metal housing 
filled with a non-oxidizing 
gas. Contacts are SPST, NO 
or NC, rated at 30 amp 115 
volt 60 cps noninductive. Low 
contact resistance. Relay can 
be furnished with coils for 
operation on any standard 
voltage up to and including 
440 volt 60 cps, or 220 volt 
d-c. Coil current at 115 volt 
60 cps i$ approximately 0.080 
amp. The Adams & Westlake Co., 1108 N. Michigan, 
Elkhardt, Indiana. , 


For further information, circle No. 7 on Reader Inquiry Facility, page 169 


PUSHBUTTON RANGE SWITCH 


For pushbutton control of top-plate and oven-heating 
elements in electric ranges, Type 2900 switch is avail- 
able in 8-button, 7-heat and 6-button, 5-heat types, 
both carrying UL-listing for operation at 15 amp 
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125/250 volt a-c. Contact elements of switch are 
contained in a housing of molded, heat-resisting black 
phenolic and are actuated by % g-in. travel of white 


plastics pushbuttons shaped to fit finger tip; colored 





buttons can also be furnished. Screw terminals at back 
of switch provide for line and load connection, Switch 
can be mounted from the front by two threaded studs; 
mounting from the rear is permitted by threading two 
assembly eyelets. Switch measures 45%. x 254» x 1% 
in. Pushbuttons are *%4 x % in. and are 1%» in. 
from center to center; they extend 15%» in. beyond the 
face of switch. Ark-Les Switch Corp., 51 Water St., 
Watertown 72, Mass. 


For further information, circle No. 8 on Reader Inquiry Facility, page 169 


MANUAL STARTER WITH INDICATING LIGHT 


Improved manual starter, Mo- 
tor Sentinel Class 10-023, has | 
built-in indicating light to show 
when the motor is running. For 
starting and protecting small a-c 
and d-c motors used in fans, 
pumps, washing machines, com- 
pressors and other industrial or 
domestic appliances. Starter has 
double-pole contacts rated up 
to 1 hp 250 volt a-c or d-c. 
Quick-make, quick-break action 
is provided by an over-center 
self-indicating toggle mechanism. Bimetal over-load 
protection. Proper selection of the replaceable heater 
allows sufficient time delay for small-motor start- 
ing. Device is housed in a NEMA type I enclosure, 
and straight-through wiring and accessible front ter- 
minals allow easy installation and service. Die-cast 
aluminum enclosure is bonderized and has a gray 
enamel finish. Westinghouse Electric Corp., Box 868, 
Pittsburgh 30. 


For further information, circle No. 9 on Reader Inquiry Facility, page 169 


MOISTURE-, FUNGUS-RESISTANT COATINGS 


Line of moisture- and fungus-resistant coatings for elec- 
trical and electronic equipment fulfill Bureau of Ordnance 
specifications: 52L20, 52L21, 52V23, 52V24, 52W7 and 
Military Specification MIL-W-956. (See ELectricaL 
MANUFACTURING, March 1950, p. 78.) General-purpose 
lacquer, varnish and wax-solution coatings have 1 per cent 
phenyl-mercuric-ortho-benzoic-sulphimide in combination 
with 5 per cent salicylanilide as active fungicides. Special 
lacquer, varnish and wax coatings, Class S, for selenium 
rectifiers use 8 per cent salicylanilide only since mercury 
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THE NEW 


Poluken 


INDUSTRIAL TAPES 








TAILORED TO YOUR JOB 





One reason you can wash a heating 
pad. The delicate thermostatic con- 
trol in this heating pad is protected 
by strong, cloth-backed washable 
Polyken tape No. 113. oe 





A cloth-backed tape 


that costs less than paper tape! 


Think of it . . . a tough, pliable, cloth-backed 
electrical tape that not only out-performs paper 
tapes, but actually costs less! It’s called Polyken 
No. 113, and every day more and more elec- 
trical manufacturers are calling it into their 
plants to replace paper-backed tapes. 

Even on an electrical unit as small as the 
heating pad thermostat shown above, Polyken 
No. 113 offers sizable savings in ease of use, as 
well as money. It’s washable, too—and stays 
stuck through repeated launderings! 

Unlike paper tapes, the adhesive of Polyken 
No. 113 is firmly calendered to its cloth back- 


ing. Sticks to any surface as well as its own, 
and stays stuck. 

Although it’s only .011 of an inch thick, 
Polyken No. 113 has a dielectric strength of 
2100 volts—an insulation resistance of 1600 
megohms. Conforms to rough and irregular 
surfaces. Good resistance to heat, moisture, 
corrosion and solvents. 


FREE SAMPLES. Write now for complete 


specifications and engineering data, plus sam- 


ples of Polyken No. 113. Address Polyken, 
Dept. EMA, 222 West Adams Street, Chicago 
6, Illinois. 





Polyken Industrial Tape, Department of Baver & Black, Division of The Kendall Company 





“‘kotbertshaw 
A -un- Che 


AUTOMATIC SWITCH AND OVEN 
TEMPERATURE CONTROL 


» Simple TURN of THe O*** 


cuts in two oven elements 


AUTOMATICALLY ,,, quick preheating. 


cuts out top element shortly 
before oven reaches 
temperature, minimizing 
overshoot. 


AUTOMATICALLY 


WAAASAAASLAALA 
cuts in lower element and 
AUTOMATICALLY 


maintains oven temperature 
on that circuit only. 


AAAAASAAASASIAY 


You get fully-automatic control of oven temperature 
with this Robertshaw combination automatic switch 
and thermostat. Compact in size. Easy to install. Four 
mounting positions provided, together with close-up 
or extended bezel to fit any switch panel in the range- 
top, or back panel position. Screws inserted from 
rear. Three basic models. Write for information. 


in home and industry, EVERYTHING'S UNDER CONTROL 


Robertshaw 


THERMOSTAT DIVISION 


ROBERTSHAW-FULTON CONTROLS COMPANY 
YOUNGWOOD, PENNSYLVANIA 
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salts attack the selenium. In melamine varnish, 52V24, for 
baking, a 1% per cent phenyl-mercuric-ortho-benzoic-sul- 
phimide is used since salicylanilide is volatile at curing 
temperature. Phenyl-mercuric-stearate in two concentra- 
tions is used as a fungicide in wax, MIL-W-956. Concen- 
tration I contains 10 per cent phenyl-mercuric-stearate 
and is a wax concentrate for addition to non-fungistatic 
wax; in use concentrate is diluted with wax in ratio of 
10:1. Concentration II contains 1 per cent phenyl-merc- 
uric-stearate and is used without dilution. Lacquer & 
Chemical Corp., 214-222 40th St., Brooklyn 32, N.Y. 


For further information, circle No. 10 on Reader Inquiry Facility, page 169 


SHOCK AND VIBRATION ISOLATOR 


For use with lightweight airborne equipment installed 
in restricted space, Series 6475 air-damped shock 
mounts are only 1 in. diam and have an overall height 
of 1 in. under minimum rated load. Load ratings range 
from 0.3 to 3.0 lb per mount. Equipment supported on 


& 


mountings is raised only % in. above mounting surface. 
Two mounting styles are available: Series 6475 with 
two-hole mounting on 1.414 in. centers and series 6695 
for four-hole mounting on 1 in. centers. Center stud 
is tapped to a depth of 4 in. with a 8-32 thread. 
Bases can be furnished to government specifications. 
The Barry Corp., 179 Sidney St., Cambridge, Mass. 


For further information, circle No. 11 on Reader Inquiry Facility, page 169 


MULTICIRCUIT SENSITIVE RELAY 

Three types of Series 6 multicircuit sensitive relays 
are available: three-position or “null-seeking,” two- 
position spring return, and two-position latching. Either 
open or hermetically sealed enclosures. In the three- 
position relay, armature maintains a central balanced 
position with all contacts open. Armature centering is 
accomplished by a snap or detent arrangement and no 


motion occurs until a predetermined amount of current 
is applied to the coil; armature snaps either way de- 
pending upon polarity of coil current. Can be used for 
servo or control circuits, or as a differential relay by 
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A PARTIAL LIST OF M-R PRODUCTS: FIBERGLAS VARNISHED TUBING, TAPE AND CLOTH «+ INSULATING PAPERS 
AND TWINES « CABLE FILLING AND POTHEAD COMPOUNDS + FRICTION TAPE AND SPLICE + TRANSFORMER COM. 
POUNDS + FIBERGLAS. SATURATED SLEEVING + ASBESTOS SLEEVING AND TAPE + VARNISHED CAMBRIC CLOTH AND 
TAPE « MICA PLATE, TAPE, PAPER, CLOTH, TUBING « FIBERGLAS BRAIDED SLEEVING + COTTON TAPES, WEBBINGS AND 
SLEEVINGS + IMPREGNATED VARNISH TUBING + INSULATED VARNISHES OF ALL TYPES + EXTRUDED PLASTIC TUBING 
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HIGH HEAT 


MICA PLATE 
for DOMESTIC ELECTRIC APPLIANCES 


e A composite, Inorganic-bonded highly-integrated mica insulat- 
ing material built-up from mica splittings, and approximating 
raw mica in all physical properties. 

Completely inorganic, odorless, and smokeless. 

High mechanical strength and integration. 

High dielectric strength. 

High durability and moisture resistance. 

Resistant to temperatures up to redness without change. 
Does not react chemically with resistor materials. 
Unaffected by oils or organic solvents. 

Available in large sheets or full-size punchings. 

Can be stamped cleanly to specified design. 

Engineering service available to help solve your insulating 
problems. Test samples and complete information on request. 


NEW ENGLAND MICA COMPANY, INC. 
30 WOERD AVE., WALTHAM, MASSACHUSETTS 


ea 


FORMS 


PARTS ° 
ASSEMBLIES 


Custombuilt for 
Your Product! 


Every Type, Style and Variety... 


of parts, forms and assemblies fabricated from cold- 
rolled or spring steel, stainless, beryllium, copper, 
brass, bronze, etc., have been developed and manu- 
factured by Cuyahoga during the past 46 years... 
for use in appliances, machinery, automobiles, air- 
planes, metal furniture, lighting fixtures, novelties, 
sporting goods, toys, utensils, etc. 


Cuyahoga's engineers and designers are ready 
and eager to serve you . . . ready to help you em- 
ploy flat steel or wire to make any part, form or 
assembly better, faster and at low cost. 
: war 


oA RN aot 


SUBSIDIARY OF THE BARIUM STEEL CORP 


10254 BEREA ROAD bd CLEVELAND 2, OHIO 





| having relay coils compare two signals of opposite 
| polarity and respond to difference. Operating sensitivity 
| is from 7.5 to 70 milliwatt. Two-position, spring-return 


relay is same as conventional relay except it responds 


| only to current of proper polarity. In two-position 
| latching relay, armature motion and forces have char- 
| acteristics like a strong spring-toggle mechanism, but 
| these are derived solely from a permanent-magnet field 
| used for latching. Contact arrangements in all relays 
| up to 4PDT; rating is 5 amp 110 volt a-c. Coils are 


available in a resistance range from a fraction to 25,000 


ohm ; coil dissipation is 3 watt continuous for 50 C rise. 


Sigma Instruments, Inc., 70 Ceylon St., Boston 21. 


For further information, circle No. 12 on Reader Inquiry Facility, page 169 


CONTROL FOR VARIABLE-SPEED DRIVE 


Electric remote control for manufacturer’s variable- 
speed power drives is a packaged unit which may be 
mounted on any size drive of current design. Unit in- 
cludes a mounting bracket, reversing control motor, 


chain and sprockets, friction clutch, chain guard, and 


remote ““Fast—Slow”’ station. Available either with or 
without remote speed indication. Drives are available in 


| ratings of % to 25 hp with 2:1, 3:1, or 4:1 speed varia- 
| tions for range of speeds from 2000 to 26 rpm. Sterling 
| Electric Motors, Inc., 5401 Anaheim-Telegraph Rd., 
| Los Angeles 22. 


| For further information, circle No. 13 on Reader Inquiry Facility, page 169 


FLANGE-MOUNTED IHP MOTORS 


For machine tools and pumps, ihp flange-mounted 


| motors with either C- or D-type NEMA flange can be 
| obtained in any of three different enclosures: 


open, 


totally enclosed nonventilated and totally enclosed fan- 


| cooled. All are squirrel-cage induction motors equipped 


with ball bearings. Open-frame type is dripproof in the 
horizontal position and available in NEMA frames 203 
through 365; totally enclosed nonventilated type in 


| NEMA frames 203 through 254; and totally enclosed 
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Puts new light on “visibility” 


—the crystal clear plastic front with clean, rounded edges floods 
the scale with unobstructed natural light. The dial sets well up into the 
translucent cover, permitting full natural lighting from the top, 


sides and bottom. (No bezel or case rim interrupts light from any angle.) | 


—Another advantage—the full, open dial on this 
new 3” instrument gives much longer scale length than on conventional 


three-inch meters, yet the mounting and panel space is exactly the same. 
— Your name or trademark can be shown with colorful emphasis. 


Now—with competition getting 
keener—is a good time to improve your panels, 


Take a look at Model 321 PL soon. 


FOR THE MAN WHO TAKES PRIDE IN HIS WORK 


TRIPLETT ELECTRICAL INSTRUMENT CO., BLUFFTON, OHIO, U.S.A. 


In Canada: Triplett Instruments of Canada, Georgetown, Ontario 
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DO YOU KNOW? 


—that a PILOT LIGHT 
CAN IMPROVE YOUR PRODUCT 


. » -add attraction—safety—service ? 


— what lamp to use 
— how fo use it 

— what it will do 

— what it will cost 


THIS MAY BE THE ONE 
Designed for low cost NE-51 Neon 
@ Built-in Resistor @ Patented 
@ U/L Listed @ Rugged 
Catalogue Number 521308 — 997 

for 110 or 220 volts. 
SAMPLES 
for design purpose 
NO CHARGE 


NEW! Write for the 
e "HANDBOOK OF PILOT LIGHTS.” 


Write us on your design problems. 


| 


f" 
eel 
eel lt 


on 


Foremost Manufacturer of Pilot Lights 


The DIAL LIGHT COMPANY 


of AMERICA 
900 BROADWAY, NEW YORK 3, N. Y. 


DOES YOUR PRODUCT 
NEED MOTION 
at SLOW SPEED? 


If you are a manufacturer 
of vending, amusement, mo- 
tion, display or coin-oper- 
ated machines, here is the 
ideal motor for you. Made 
in 3 basic sizes and with 
output shaft speeds of from 
1 to 100 rpm and with 
Torque of from 5 to 500 in. 
ounces, depending on speed 
desired. 


These AC Gear Motors can 
be supplied to meet your 
specific needs. Tell us the 
requirements of your appli- 
cation. In all probability one 
of our motors will be satis- 


factory, but if not, we will build one to meet your product 
needs. Write for a data sheet. 


TM)atresenen Er 


RACINE, WISCONSIN 


Designers and Manufacturers of 
SPECIAL INDUCTION MOTORS 








fan-cooled type in NEMA frames 224 through 365. 
Cast-iron drip cover is available for open-type motors 
for vertical shaft-down mounting. Motors supplied with 
ot without feet. Delco Products Div., General Motors 
Corp., Dayton 1, Ohio. 


For further information, circle No. 14 on Reader Inquiry Facility, page 169 


VARIABLE AUTOTRANSFORMERS 


Torodial autotransformers, Adjust-A-Volt, have a 
movable brush tap which rotates to deliver a continu- 
ously adjustable output voltage from a-c power lines. 
Cores are made of grain-oriented steel. Units are rated 
for 115 volt 50-60 cycle input and 0 to 135 volt output. 


Models available with maximum outputs of 1 kva, 7.5 
amp and 2 kva, 15 amp. Small 1-kva model is 44% 6 
in. diam and depth for back of panel mounting is 5% 


| in.; 2-kva model is 844, in. diam across flats of hex- 


agonal sides and depth is 51%4¢ in. Standard Electrical 


| Products Co., 400-402 E. First St., Dayton 2, Ohio. 


For further information, circle Ne. 15 on Reader Inquiry Facility, page 169 


RACK-AND-PANEL CONNECTORS 


Two miniature rack- 
and-panel connectors, 
DPM-14 and DPM-A20 
for radio, aircraft and spe- 
cial instrument applica- 
tions have 20 and 14 con- 
tacts, respectively. Con- 
nector body is molded of 
melamine. Pin contacts, 
are silver-plated brass and 
socket contacts are cad- 


| mium-plated brass. Contact terminals can be either eye- 
| let, hook, turrent or solder-pot design. Large guide-pin 


contacts are rated at 10 amp 120 volt and others are 
rated at 5 amp 120 volt. Socket contacts float. Type 
DPM-A20 connectors measure 4% x 214.6 in. and 


| Type DPM-14 connectors measure 34 x 1.688 in. Can- 
| non Electric Development Co., Div., of Cannon Manu- 


facturing Corp., 3209 Humboldt St., Los Angeles 31. 


For further information, circle No. 16 on Reader Inquiry Facility, page 169 


ALKYD-BASE FINISHES 


Two Glyptal alkyd-base paint resins include a fast-baking 
resin 2522 and general-purpose resin 7310, both for indus- 
trial finishes. Resin 2522 is a fast-drying, hard, tough 
resin that combines good adhesion and gloss- and color- 
retention, with chemical resistance, weather resistance, and 
flexibility. Paint formulations utilizing 2522 resin include: 
heat-resistant paints for ranges and home-appliance paints 
for washing machines and refrigerators. G-E 2522 is com- 


ELECTRICAL MANUFACTURING 








MAKE THUS 3 STEP zes7 oF seserRoors 
AMAZING: MEW FASTENING INVENTION 


TRADE MARK 


THE PRE-ASSEMBLED NUT AND SHAKEPROOF LOCK WASHER 





FRE’S WHAT YOU'LL FIND OUT! 
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AMERICA’S GREAT RESOURCES PLUS A FREE ECONOMY MADE JIS BUSINESS POSSIBLE 


- pAY-OUT 
RUGGEDLY BUILT FOR DAY-IN, 


MODEL 400—for close work 


A small industrial, continuous duty 60 watt 
soldering iron for close work. Only 9” long, 
weighs 8 oz. Baffle plates keep handle 
cool. Ideal for chassis wiring or wherever 

@ compact constant-duty iron is required. 


a fall line 


for every 
TTA aod 


A constant-duty production-type, 
300 watt volume-use solder pot. 
Element wound directly around 
cast iron well for maximum trans- 
fer. Well size 22" diameter, 2” 
deep. Holds 2 Ibs. solder. 


DRAKE ELECTRIC WORKS, INC. 


3656 LINCOLN AVE. CHICAGO 13, ILL. 


SURE CURE FOR 
METAL SHORTAGES 


AY ace) Pa 


TeV as 
Teri 
Substitute 


Here is a practical way to 

avoid delays in production due to metal 
shortages. Substitute plastics for items like name- 
plates which can be fabricated advantageously 
to your exact specifications. 


Sillcocks-Miller specialists offer the experience 
and facilities to develop and produce quality 
nameplates and other parts for which plastics are 
a practical substitute material. 


It will pay you to write for details or submit 
specifications for quotation. 


iT Pioneers in Plastic 


SILLCOCKS-MILLER Fabrication since 1910 
ey Lg 26 W. Parker Ave., Maplewood N. J. 





| 


patible with amine resins, but for many applications their 
addition is not required. Resin 7310 has good weather 
resistance, good color-retention, and is recommended for a 
wide variety of metal products including farm machinery, 
machine tools, and gasoline pumps. Chemical Dept., Gen- 
eral Electric Co., Section G3, Pittsfield, Mass. 

For further information, circle No. 17 on Reader Inquiry Facility, page 169 


PLUG-IN HOUSINGS, ASSEMBLIES 


Line of plug-in housings and assemblies for mounting 
coils, relays and filters includes 30 models which are 
13g- or 2-in. square and range in height from 2 to 4 in. 
Housings have an easily removable aluminum shield 
can on an aluminum base with a ground lug and stand- 
ard octal plug. Base has threaded holes to provide easy 


stud mounting of parts. Plug-in assemblies have in 
addition to the same shield can and base, a low-loss 
phenolic coil form or powdered-iron tuning core. Coils 
to specification can be furnished with plug-in units. 
Units with 1l-prong plugs and special plated finishes 
are also available. Dietz Design and Manufacturing Co., 
Grandview, Mo. 

For further information, circle No. 18 on Reader Inquiry Facility, page 169 


MULTIPOLE RELAYS 


General-purpose 97000-series 
magnetic relay can have either 
a-c or d-c coils and any con- 
tact arrangement from SPST 
to 6PDT. Relays are applicable 
to remote control of electric 
heating, lighting, single-phase 
motor loads, vending machines 
and electronic instruments. Re- 
lays are furnished with three 
types of contacts: cross-bar 
fine silver; %4¢-in. fine silver 
and %-in. fine silver. Cross- 
bar contacts, welded to nickel- 
silver or phosphor-bronze contact springs, have a con- 
tinuous rating of 3 amp at 115 volt a-c or 1 amp 32 volt 
d-c noninductive load. Both “e-in. and %2-in. diam button- 
type contacts are riveted to beryllium copper contact 
springs. The %e-in. contacts have a continuous rating of 
6 amp at 115-volt a-c. The %2-in. contacts have a con- 
tinuous rating of 12 amp at 115 volt, 6 mp at 230 volt a-c 
or 32 volt d-c noninductive load, and % hp 115 or 230 
volt a-c single-phase induction motors. A-c shunt coils 
are designed for continuous-duty service, and will operate 
safely at +10 to —15 per cent rated voltage; 60-cycle 
coils are standard, but, relays may be provided with 25- 
cycle coils with voltage ratings up to 115 volt. D-c shunt 
coils are designed for continuous operation at +10 to 
—20 per cent rated voltage. All d-c coils are rated approx- 
imately 4 watt at 20 C. L-shaped magnet frame and sim- 
plified armature hinge assembly provide positive action. 
Shunt-type relays operate satisfactorily when subjected to 
vibration up to 4 g. Magnet coils are random wound on 
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Mallory Contact Finish 








n . 
s | , 
| Brings Laboratory Standards | 
i 
S | e e 
’ | To Production Operations | 
69 | 
| The Mallory “E-Treat” finish is one of the many ways in which 
| Mallory metallurgical developments are improving performance and 
! reducing costs of electrical contacts. 
MALLORY ; 
| A typical example is the real help provided by Mallory for a manu- 
7 ‘ ’ ‘ ‘ » o ~ ° . c Y re ° 
TUNGSTEN CONTACTS | facturer of automotive equipment who faced the problem of excessive 
: failures of tungsten contacts. The application involved a critically 
Although all Mallory tungsten is heavy electrical load with light contact pressure. Mallory contacts 
chemically the same, the size, shape | with “E-Treat” finish . . . a chemically pure, highly polished face . . . 
and distribution of the grain particles | were tested and enthusiastically approved. The ‘E-Treat’’ finish 
are carefully controlled, since these | afforded lower contact resistance and less material transfer... 
factors vitally affect its electrical and | tripled the minimum contact life. What is more, the Mallory contacts 
mechanical properties. Mallory will : cost less than those formerly used! 
gladly work with you to find the | That’s value beyond expectation! 
1- right contacts to meet your specifica- | ‘ 
; sa Mallory contact know-how is at your disposal. What Mallory has 
It tions. Write today. | ¢ pt eh ‘ 
i- ' | done for others can be done for you! 
ct 
f | In Canada, made and sold by Johnson Matthey and Mallory, Ltd.,110 Industry St., Toronto 15, Ontario 
RF . 
: Electrical Contacts and Contact Assemblies 
ls 
1 SERVING INDUSTRY WITH 
le Electromechanical Products 
> Resistors Switches 
nt TV Tuners Vibrators 
to 
a Electrochemical Products 
% Capacitors Rectifiers 
<j Mercury Dry Batteries 





Metallurgical Products 


"i P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA Contacts Special Metals 
Welding Materials 
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Superior Solenoid Performance 


Patent SORENG TT Design 
CEST) 

Se elas ad ohn le 

® Dependable Operation 

® Long Service Life 


@® Lowest Cost Per 
Work Unit 


L. solenoids, performance counts! That’s why so many 
of America’s largest manufacturers look to Soreng for 
all their needs. 


Outstanding advantages of Soreng’s patented TT design are:— 


% More pull per unit volume. No power 
drop-off. 


% Double shading coils to provide quiet 
operation and higher sealing pull with 
less heating. 


% Uniform performance characteristics over 
entire service life. 


% Exceptionally rugged construction. Built 
to outlast the devices on which they're 
used. 


% Lowest cost per work unit of any solenoid. 


In the four basic models, there’s a Soreng TT Solenoid 
to meet practically any requirement you might have 
regarding pull, stroke, size and current. Can be fur- 
nished for any a-c voltage—any frequency. Mount- 
ings and terminals to your specifications. 


To show you what superior solenoid performance 
really is, why not let us survey your requirements? 
The services of our engineers are yours without obli- 
gation. Or—write today for free copies of our solenoid 
bulletins. Address Dept. M11. 


@) 


America’s Largest Manufacturer of Solenoids 


oe be Wea 
n 


9555 Eden Ave., Schiller Park, Ill 
Plants: Schiller Park, Ill. - 


OSI a-l-l- ee) lla} 
Fremont, Ohio 


paper bobbins and wrapped with insulating tape. Coil 
terminals are riveted to special coil washer for ratings of 
50 volt and less. Above 50 volt, coil terminals are as- 
sembled directly to coil; all terminals are of solder type. 
Coil lead wires can be furnished upon request. Relays 
measure approximately 24% x 1% x 2% in. R-B-M Div., 
Essex Wire Corp., Dept. A-X, Logansport, Ind. 


For further information, circle No. 19 on Reader Inquiry Facility, page 169 


MINIATURE SLIP-RING ASSEMBLIES 
Precision miniature slip-ring assemblies consist of 
silver rings on a polyester resin form. Rings are pro- 
duced by machining grooves in a plastics form and 
then electro-depositing hard silver into the grooves to 
form the rings. Subsequent machining insures concen- 
tricity and dimensional accuracy. Flash electro-deposit 


of palladium plus an 0.00001-in. rhodium deposit pre- 
vents tarnish and gives wear resistance. Assembly di- 
ameters range from 0.050 in. to several inches. Cross 
sections of the silver vary from 0.005 to 0.007 in. on 
small diameter assemblies and from 0.050 to 0.060 in. 
on large power carrying assemblies. Silver rings are 
polished to four microin. or better. Electro Tec Corp., 
South Hackensack, N. J. 


For further information, circle No. 20 on Reader Inqu 


MANUAL PRESET TIME SWITCH 

For automatically switch- 
ing an electrical circuit 
either “ON” or “OFF” 
after a time interval, Type 
J3 manual preset time 
switch is particularly de- 
signed for service on equip- 
ment such as: ovens, battery 
chargers, cooking kettles, 
sand blowers, hair dryers, 
photographic processes, motor controls, and blueprint ma- 
chines. Desired time period is set by turning knob to 
selected position on a large calibrated dial. Time interval 
is started by releasing knob and pointer is driven back 
towards zero by a self-starting synchronous motor. Dur- 
ing this time period, knob constantly indicates remaining 
time left in cycle. At “zero” position, a heavy duty snap- 
acting control switch of the open-blade type is tripped and 
timer is shut off. Standard dial ranges available are: 0-15 
sec to 0-24 hours. Automatic Temperature Control Co., 
Inc., 5212 Pulaski Ave., Philadelphia 44. 


For further information, circle No. 21 on Reader Inquiry Facility, page 169 


WIRE-WOUND RESISTORS 


Vertical-style precision wire-wound resistors, Types 
BX120, BX140 and BX160 are designed to meet require- 
ments for JAN styles RB40B, RB41B and RB42B, re- 
spectively. Resistance range is from 0.025 to 0.45 megohm 


ry Facility, page 169 
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Are there 3, 8, 10 or 14 common 
types of bellows and methods of at- 
taching end fittings available to you 
when you consider bellows for the 
job you have in mind? Is stainless 
steel, nickel or brass the material 
most frequently used? What affects 
the choice of material? How can you 
double the flexibility and halve the 
spring rate of a bellows? How can 
you limit the total pressure gen- 
erated by a bellows at a specified 
temperature? What are the advan- 
tages of a bellows shaft seal? What 


laa 


ts AG 4 


of this authoritative, fact- 
filled bulletin on “What to 
Consider When Selecting A 


determines the motion relationship 
between two or more bellows when 
they are connected together? 

These and many other questions 
are answered in the informative bul- 
letin ‘““What to Consider When Se- 
lecting A Metallic Bellows,” fea- 
turing an authoritative article which 
has appeared in a recent issue of 
PropuctT ENGINEERING. Written by 
engineers at Clifford Manufacturing 
Company, bulletin contains a wealth 
of up-to-the-minute data on bellows. 

Send for your free copy today. 


Contains: ¢ Charts @ Diagrams 
@ Applications ¢ Detailed analysis 


Metallic Bellows” 


of bellows’ construction, materials, 
flexibility, filling medium, life 


Just mail coupon below. 

Clifford Manufacturing Company, 
Waltham 54, Mass. Div. of Standard- 
Thomson Corp. Sales offices in New 
York, Detroit, Chicago, Los Angeles, 


> GLUIFFORD 


HYDRAULICALLY - FORMED BELLOWS 
AND BELLOWS ASSEMBLIES 





ALL-ALUMINUM OIL COOLERS 
FOR AIRCRAFT ENGINES 





CLIFFORD MANUFACTURING COMPANY, 126 Grove Street, Waltham 54, Massachusetts 
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FREE 


© Air conditioning systems 0 Kilns & ovens — industrial (0 Torque converters 

D Aircraft () Air compressors 

0 Carburetor altimeter controls (1) Oxygen flow indicators Other applications ........ 
©) Engine thermostats (J Oxygen regulators 

() Gasoline vaives (C) Process controls OOGMD. . cc cnccvesceseseses 
() High pressure steam devices O) Refrigerating systems — commercial 

C) Heating equipment 0 Shaft seal assemblies FOS davidanstareseowuse 
C) Instruments 0 Fuel pumps 

() Remote or direct control of tempera- [) Fluid couplings GUNNING 6 66 hod cane scenes 


Please send me my copy of the bulletin "What to Consider When Selecting 
a Metallic Bellows.” | am interested in the applications checked. 


ture and pressure 0) Supercharger controls 


| Electric or gas ranges 






) Refrigerator controls — domestic 





0 Compensating regulators 
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largest 
assortment 
of standard 


moulds... small 


mechanical 
rubber parts 


SEE US BEFORE YOU DESIGN IT! 


- Save money! Check our huge assortment 
of standard moulds — chances are we 
have just the mould you need. Lowest 
possible prices — fast, efficient service! 
Get our new 44 page catalog, today. 


bber Company 


424 N. Wood St., Chicago 22, Ill. 
WRITE, WIRE, PHONE SPECIFICATIONS — TODAY! 
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and power ratings from 0.4 to 0.6 watts. Tolerances avail- 
able are +1, +0.5 and +0.25 per cent. Resistance alloy 
used is either copper-manganese-nickel, copper-nickel or 
nickel-chromium; bobbins are made of non-hygroscopic 
ceramic. Windings are vacuum impregnated and_ then 
coated to build up a moisture barrier. Most resistor types 
have a balanced, reversed, multiple-pie winding; for low 
resistance values, reactance is negligible for frequencies 
up to 20 ke. All have axial soldering lugs. 
Temperature range is from —55 to 105 C. Shallcross 
Mfg. Co., 10 Jackson Ave., Collingdale, Pa. 

For further inform ition ircle No. 22 or 


resistors 


Reader Inquiry Facility, page 16S 


AIR CIRCUIT BREAKERS 


Low-voltage air 
breakers, 


circuit 
Types G-25 and 
G-50, have a sheet-steel en- 
closure formed and welded 
into a housing that 
pletely encloses 
breaker and cable 
tions. Front portion of en- 

closure is provided with an 

easily removable hinged 

panel, ventilating louvers, 

latching mechanism and 

door handle, hasp for locking and necessary flash barriers. 
Rear portion or cable entrance box can be separated from 
breaker housing and includes removable cover plates at 
the top, bottom and sides for easy connection, and cover 
plates with knockouts for incoming and outgoing cables. 
Weatherproof units are completely rubber gasketed and 
lifting lugs are provided for easy handling. Breakers are 
suitable for protection of small transformers, across-the- 
line starters and as back-up protection for motor starters 
on systems which have a-c voltages of 600 and below, 
fault currents of 25,000 and 50,000 amp, and continuous 
currents from 35 to 1600 amp. Allis-Chalmers Manufac- 
turing Co., 937A S. 70 St., Milwaukee 1, Wis. 


For further information, circle No. 23 on Reader Inquiry Facility, page 169 


com- 
circuit 
connec- 


GAS-FILLED RECTIFIER 


Xenon-gas-filled, grid-controlled rec- 
tifier tube, Type EL CIK, may be used 
in applications such as motor control, 
high-speed or synchronous switching, 
servo amplifiers, temperature controls 
and regulated d-c power supplies. Elec- 
trical ratings and characteristics are: 
average anode current 1 amp d-c; peak 
anode current 8 amp; max peak in- 
verse voltage 1250; max peak forward 
voltage 1000. Average arc drop is 8 
volt and filament draws 6.3 amp at 2.5 
volt with a heating time of 25 sec. 
Grid shielding reduces grid-anode ca- 
pacitance to only 1 mmf with a grid-cathode capacitance of 
10 mmf. Critical grid current is less than 5 microamp. All 
electrode connections are brought out to metal-base pins. 
Tube measures only 3% in. from base to top. Electrons, 
Inc., 127 Sussex Ave., Newark 4, N. J. 

F nation, circle No. 24 


hm 


Reader 


GLASS YARNS FOR INSULATION 


Continuous-filament, low-twist glass yarns are for use 
as insulation on wire and in cloth, tape, braid and sleev- 
ing for other electrical uses. Low-twist yarns are said to 
permit greater spread and better spacing on magnet wire 
compared to regular-twist yarns, and also allow greater 
pull-out speeds on horizontal and vertical insulating ma- 
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you can BE SURE... te irs 


, We A> Westinghouse 


Eliminates Solenoid Friction and Misalignment 
—Inverted clapper-type magnet balanced on 
knife-edge. No danger of sticking, jamming or 
misalignment. 


Prevents Accidental Opening or Closing of 
Contacts—Seesaw balance of clapper prevents 
accidental opening—kick-out spring prevents 
accidental closing. 


Provides Uniform Line—Appearance and con- 
struction, NEMA sizes 0 through 4. 


Prevides Positive Opening of Contacts—Kick- 
out spring provides added force to open con- 
tacts. Does not depend on gravity alone to open. 


Provides Straight-through Wiring—Three line 
leads at top; three load leads at bottom with 
pressure-type terminals. 


rs. \\ Ww a» we Provides Positive and Precise Overload Pro- 
, Va Ca tection—Snap-action, bi-metal DISC instead of 


m . : a 

a “solder pots” or bi-metal strips. 

er : Permits Front-removal of ALL Parts—No special 
ag A | tools required. 

nd a Corrosion-resistant Parts All Plated—Enclosure 
re . ' ” on Bonderized. 

e- a ’ : a e Meets NEMA Standard Mounting and Wiring. 
TS ; e Gives Quietest Operation—Self-aligning magnet 
Ww, \ — — . construction. 

3 y- 

Ox 

ed 

ol, & 

2g, o 
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a New Westinghouse 

Ci 

ak FOR BETTER MOTOR PROTECTION, LOWER OPERATING COSTS 

fi- 

‘ This all-new line of a-c motor starters is announced only after 6 years’ actual trial 

, service, backed by 40 years of user experience in building motor controls. Available 

“ in NEMA sizes 0 through 4... to 100 hp, 600 volts. *Trade Mark J-30034-A 

‘a- 

7 os STARTER For prices and additional 

a soon Ty information on Life-Line- 

1S. (tall 


starters, Contact your near- 
est Westinghouse repre- 
69 | sentative. Or ask for a copy 
of booklet No. B-4677, 
Westinghouse Electric 


se — ; Corporation, P. O. Box 

‘ , 868, Pittsburgh 30, Pa. TOMORROW'S STARTER—TODAY ! 
TS 

er 

a- 





ia eee 1 CM al ee 
pg 


ss Correct wire 4, 
Sorrect terming| 
“The New — 


Connections are made 
through Fanning Strip, 
on bench or anywhere 
apart from barrier strip, 
and quickly slipped 
into assembly. 


Designed for use 
with Jones Barrier 
Terminal] Strips Nos. 
141 and 142, for 1 


to 20 terminals. vis 


Barrier Strip 

Simplifies and facilitates soldering. Insures a 

positive correct connections. Saves time. 9-161 
Ideal for harness or cable assembly. Fanning 
Strong construction: Brass terminals, cad- Strip. 
mium plated. Heavy bakelite mounting. a 


Send for complete 


Deans aad lite aie 7 Howarp B. Jones Division 
basic improvement! <S ; : , F , 
faa iy ai f NITEC ARR FASTENER ep 


The Swing 
is to 


Durakool 
a dependable 


10 YEAR SWITCH 


Steel-clad with mercury to mercury con- 
tacts, the Durakool hydrogen filled switch 
is performing with sensational dependability. 


% Millions of contacts without a falter 
% Positive “Make and Break" contact 
action 
% Withstands high temperatures 
%& No deterioration in storage 
xe Seven new models—i to 65 
amperes 
% Smaller in size, increased ca- 


eT a fifi) 


MERCURY SWITCHES 


See Telephone Directory for Local Distributor 
or write 


Durakool, Inc. Elkhart, Indiana 


applied for. 


chines. Available at present are 450% and 300% yarns 

which can have final turns per inch of 0.8, 1.2 and 1.7. 

Maximum breaking strength of yarns is 2.2 lb for 450% 

and 3.8 lb for 300%. Glass Fibers, Inc., Waterville, Ohio. 
r further information, circle No. 25 on Reader Inquiry Fac 


IHP WOUND-ROTOR MOTOR 


Heavy duty, wound-rotor induction motors provide vari- 
able-speed drive, and are also advantageous on applications 
requiring high starting torque and low starting current, or 
long acceleration periods. Motors are built in ratings from 
30 to 1500 hp, and dripproof construction is standard. 
Splashproof or enclosed forced-ventilation models are also 


available. Fabricated steel frame has steel-bar feet. Either 
ball or split-sleeve bearings. Brush pressure is adjusted 
with a ratchet-wheel brush-tension adjuster which pro- 
vides metered step-by-step increase or decrease of pressure 
on individual brushes. Electric Machinery Mfg. Co., 1331 
Tyler St., N. E., Minneapolis 13, Minn. 


For further information, circle No. 26 on Reader Inquiry Facility, page 169 


RECTANGULAR SWITCHBOARD INSTRUMENTS 
For switchboard appli- 

cations, line of 6-in. rec- 

tangular_ instruments 

have bold, well-defined 

figures and scale mark- 

ings and broad flag-type 

pointers for easy read- 

ing. Designated as Series 

E, instruments have 1 

per cent accuracy and a 

5-in. scale. Matching 

voltmeters, ammeters and 

wattmeters in all scale 

ranges are furnished in either a-c or d-c types. A-c instru- 

ments have a repulsion iron-vane movement; d-c instru- 

ments, permanent-magnet moving-coil movement; and 

wattmeters, electrodynamometer movement. Cases for 

either projection or flange mounting. Reliance Instrument 

Co., 3938 W. Roosevelt Rd., Chicago 24. 


For further information, circle No. 27 on Reader Inquiry Facility, page 169 


OIL-RESISTANT IMPREGNATING VARNISH 


For impregnating electrical units, type ABC varnish is 
oil-resistant and does not crack on exposure to tempera- 
tures down to —70 F; field proven over a period of a year 
on instruments used by Air Force. Physical properties and 
appearance of films of impregnating varnish applied to 
brass strips and cured 1 hr at 150 F plus 1 hr at 212 F, 
are unchanged by: 48 hr immersion in petroleum-base 
lubricating oil, or fluorocarbons; and cold-crack test cycles 
of 15 min at 150 F and then 15 min at -70 F. Average 
electrical properties of varnish are: dielectric strength 
(1/16 in. thick), 500 vpm; dielectric constant at 60 cps, 
3.3; power factor at 60 cps, 0.016; loss factor at 60 cps, 
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practical imagination 





grafts. an insulating skin on metal 


Here is another example of the practical imagination C-D engineers can put to 
work to solve your problems. In this case a heavy electrical connector had to be 
covered with a safe, efficient insulation. The material best suited to do the job 
was C-D Dilecto. 


The next requirement was to make this insulation an integral part of the 
whole piece. Here is where practical imagination went to work. The solution 
was to laminate and mold the Dilecto directly on the metal bar. 


When you have a problem involving plastics—whether it is simple or com- 
plex—be sure to check with C-D engineers for a practical, unbiased recom- 
mendation. They can choose the material best suited to your needs from a wide 
range of grades of five basic plastics to give you any combination of mechanical, 
electrical or chemical characteristics. A call to your nearest C-D office will 
bring you this kind of help any time—all the time. 


DILECTO (Laminated Thermosetting Plastic) 
av cing bet ter p ro d, CELORON (Molded High-Strength Plastic) 
0 Uey DIAMOND FIBRE (Vulcanized Fibre) 
oa VULCOID (Resin Impregnated Fibre) 
MICABOND (Bonded Mica Splittings) 


Your Partner 1% ® 


DE-1-51 


BRANCH OFFICES: NEW YORK 17 e CLEVELAND 14 e CHICAGO 11 e¢ SPARTANBURG, S.C. e SALES OFFICES IN PRINCIPAL CITIES. 
WEST COAST REPRESENTATIVE: MARWOOD LTD., SAN FRANCISCO 3 e« IN CANADA: DIAMOND STATE FIBRE CO. OF CANADA, LTD., TORONTO 8 





b Ld 
yontinental ae FIBRE COMPANY 


Established 1895 .. Manufacturers of Laminated Plastics since 191]—NEWARK 15 + DELAWARE 
Ea 
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Delta Tools 
get Dependable Power 


FROM 


Doerr ae 


For a number of 

years Electro 

Machines has 

furnished many of 

the electric motors 

used to operate the 
world famous line of 
Delta power tools, sold 
by the Delta Power Tool 
Division of the Rockwell 
Manufacturing Company. 


A Doerr motor is 

shown here in a typical 
application on a 17” Delta 
Drill Press, well known for 

top performance and reliability. 


Doerr Motors, built by Electro 
Machines, Inc., are used as 
standard equipment by many 
of the foremost machinery 
manufacturers. The advantages 
of using this reliable product 


deserve your “ 


investigation. 


*TRADE MARK 


NM you have a particelar motor problem please let us hear from you 
NORTH THIRD STREET 
FROM 1/20 CEDARBURG, WISCONSIN 
to 2 H.P. 2 2 : 


ELECTRO 


MACHINES, INC. 


Standard or De- 
signed to Your 
Specifications 


144 


0.05. Varnish is a three-part product which remains stable 
for four months when stored in a cool place; after mixing, 
pot life is at least 24 hr. Frederick S. Bacon Laboratories, 
172 Pleasant St., Watertown 72, Mass. 

r further information, circle No. 28 on Reader Inquiry Facility, page 169 


SENSITIVE MERCURY-PLUNGER RELAY 


Power amplification is 10,- 
000 for Model EM-8 mercury- 
plunger relay with load ratings 
to 35 amp and 440 volt. Test 
life of relay 100 million opera- 
tions; requires little mainte- 
nance because of hermetically 
sealed mercury-to-mercury de- 
sign. Relay employs an ener- 
gizing coil in a resonant cir- 
cuit so external contact, such 
as a mercury thermometer or 
instrument contact, only needs 
to carry sufficient power to de- 
tune circuit. External contact power is equivalent of 8 ma 
at 100 volt a-c. Relay load rating is 35 amp at 115 volt, 30 
amp at 220 volt, 20 amp at 440 volt with virtually unlimited 
inrush current. Ebert Electronics Corp., 185-09 Jamaica 
Ave., Hollis 7, L. I., N. Y. 
circle No. 29 on Reader 


For further information, Inquiry Facility, page 169 


RESISTANCE THERMOMETER 


For temperature up to 1000 C, Type 100 resistance ther- 
mometer has a tungsten sensing element sealed in a quartz 
chamber. Three leads are brought out from element to com- 
pensate for change in lead resistance because of tempera- 
ture. Resistance is 25 ohm at 25 C and sensitivity is 0.1 
ahm per deg C. Sensing element is % in. OD x 2 in. long 
and type 446 stainless steel jacket is %6 in. OD and 18 in. 
long. Junction box is % in. L. B. Electrolet. W. S. Mac- 
Donald Co., Inc., 33 University Rd., Cambridge 38, Mass. 
For further information, circle No. 30 on Reader Inquiry Facility, page 169 


ELECTRONIC TIMER 


Model CK electronic timer 
uses a type 5823 cold-cathode 
trigger tube. Since tube re- 
quires no filament current, 
there is no wear on tube dur- 
ing standby periods, and tim- 
ing is instant and accurate 
without warm-up. Timer can 
be recycled immediately; not 
necessary to re-charge timing 
condenser between cycles. Unit 
measures only 334 by 4% by 
3 in.; style for back-of-panel 
mounting requires only 2 in. 
behind panel. Four time ranges are available: 1.5, 3, 6, or 
12 sec. Dial with 100 graduations allows timer to be set 
for any desired percentage of total range. Timer operates 
directly from 105-125 volt 60 cps. Load-control relay 1s 
rated for 8 amp noninductive load at 125 volt a-c, in a 
SPDT circuit with no intermediate OFF position. Farmer 
Electric Co., 21 Mossfield Rd., Waban 68, Mass. 


For further information, circle No. 31 on Reader Inquiry Facility, page 169 


WIRE-WOUND, CARBON CONTROL 


For TV applications, a wire-wound and a carbon con 
trol are mounted together with a concentric shaft to reduce 
number of separate knobs on receiver operating panel. 
Front control is wire-wound type for focusing circuits and 
rear control is carbon type for various other circuits using 
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this type. Concentric shaft permits independent control of 
either circuit. Clarostat Manufacturing Co., Inc., Wash- 
ington St., Dover, N. H. 


For further information, circle No. 32 on Reader Inquiry Facility, page 169 
ELECTRICALLY HEATED PLATENS 


Cast-in electrically heated 
platens, Thermaplatens, are for 
Ever Kind use in die-heating, compres- 
y sion-molding, plasticizing, heat- 
| sealing, branding, printing and 
Some steel products are in short supply but solenulaines ce Units for 
over-all stocks are still large, diversified | temperatures up to 750 F are 
aluminum; aluminum bronze, 
NEARBY STOCKS INCLUDE: brass, gray iron, copper, Mee- 
BARS—carbon & alloy, hot | TUBING—seamless & welded, hanite and other metals are 
rolled & cold finished mechanical & boiler tubes used for elevated temperatures. 
STRUCTURALS—chennels, STAINLESS—Allegheny sheets, | Thermel, Inc., 4501 W. Lake 
angles, beams, etc. plates, bars, tubing, etc. St., Chicago 24, Ill. 
PLATES—U, M. & sheared, REINFORCING bors & access. For further information, circle No. 33 on Reader Inquiry Facility, page 169 
intend 4-Way Floor Piate BABBITT bearing metal 


SHEETS—hot & cold rolled, | MACHINERY & TOOLS for met- FLUOROCARBON INSULATORS 


& coating | fabsicatio ¢ 
ee ? ” . All types of tetrafluoroe- 


thylene insulators for high- 
voltage, high-temperature, 
high- or ultra-high-fre- 


quency service in TV 
Joseph T. Ryerson & Son, Inc. Plants: New York, Boston, transmitters, radio, radar 
Philadelphia, Detroit, Cincinnati, Cleveland, Pittsburgh, Buffalo, | and other electrical equip- 


Chicago, Milwaukee, St. Louis, Los Angeles, Son Francisco Ph ment can be furnished with 
diameters up to 23 in. Te- 


trafluoroethylene resin has 

a power factor less than 

0.0005 and a_ dielectric 

constant of 2.0. Retains 

properties throughout a 
temperature range from —90 to 500 F and has zero water 
absorption. Standard or special insulators can also be 
molded and machined. Teflon Products Div., United States 
Gasket Co., Box 93, Camden, N. J. 


For further information, circle No. 34 on Reader Inquiry Facility, page 169 


VARIABLE-SPEED GEARMOTORS 


Single-phase, capacitor- 
type, variable-speed gearmo- 
tors are available in ratings 
from % to 3 hp and pro- 
vide infinite speed variation 
in ratios of either 2:1, 3:1 
or 4:1. Units have 18 dif- 
ferent maximum speeds from 
2000 to 52 rpm. Standard 
NEMA mounting dimen- 
sions. Motor uses a starting 
relay instead of centrifugal 
switch. Unit has one-piece 
cast iron dripproof frame, 
fingertip speed control and vinyl-acetal insulated wire 
stator windings. Sterling Electric Motors, Inc., 5401 Ana- 
heim-Telegraph Rd., Los Angeles 22. 
For further information, circle No. 35 on Reader Inquiry Facility, page 169 


SLOT INSULATION 


Preformed slot insulators are made of Varslot, a 100-per 
cent rag paper combined with black, bias-cut, varnished 


ane cambric. Special insulating adhesive is used to permanently 
LITTELL ’ . bond cloth and paper. Combination increases the tear re- 
MACHINE CO. 9 REELS + ST VALVES | sistance and tensile strength. Dielectric strength of ma- 
4117 N. RAVENSWOOD AVE. + CHICAGO 13, ILL. terial is about 600 vpm. Preformed slot insulators can be 
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MONEY FOR YOU! 


On this finely made rheostat retaining rings 
saved material and assembly time. They save 
money both for Hardwick Hindle, the manufac- 
turer, and for its customers. 

Looking at this application you may say it 
was obviously a “natural,” but there are liter- 
ally thousands of cases where retaining rings 
can save as much or more. 

Examine your machines and products to see 
where the use of these inexpensive modern arti- 
ficial shoulders can cut your costs, 


It's needlessly expensive to hold a mechanism 
in place with unnecessarily big shoulders or 
collars, or to temporize with small cotter pins 
etc., etc. 

Let us show you how these high grade steel 
rings can do a thoroughly efficient job, saving 
money for you and for your customers. 

More and more applications of retaining rings 
are being made every day. 


Write today for descriptive folder. 


THE NATIONAL LOCK WASHER CO. 
NEWARK 5, NEW JERSEY © MILWAUKEE 2, WISCONSIN, U. S. A. 


JANUARY 1951 





Allow you a wider choice of 
CONTACT MATERIALS 


©CONTACT SHAPES 


GIBSILOY molded electrical contacts are 
produced in a variety of powdered metal com- 
positions providing various desirable combi- 
nations of characteristics. These include the 
conducting materials, silver or copper, combined 
with refractory materials such as tungsten, molyb- 
denum, nickel, or graphite. As a result of re- 
search, a range of compositions is available 
which permits a choice of materials best suited 
to a given application. 

GIBSILOY contacts can be molded in a wide 
variety of shapes, as shown in the illustration. 
Odd shapes, frequently required for most effi- 
cient performance, can be readily produced. 


Quality with Economy 
Quality is the first consideration in producing 
molded GIBSILOY contacts. In addition, the 
powdered metal molding technique is economi- 
cal. There is no scrap loss, and, in many instances, 
no machining is required. 

Our engineers will gladly work with you in 
solving your contact problems. They will advise 
whether molded GIBSILOY contacts or GIBSON 
contacts produced by other methods offer the 
best solution. Send us your problem or write for 
contact application questionnaire. 


a OD 
OE mataattmeaira c 


$349 Franstown Ave., Pittsburgh 21, Pa. 


Representatives in Boston, Chicago, Detroit, New York, 
Rochester (N. Y.), Los Angeles, San Francisco, Seattle. 


cuffed, scored and bent; standard cuff width is % in. but 
cuffs up to %4-in. wide are available. Sheets 36 x 36 in. 
and rolls 36-in. wide also furnished. Insulation Manufac- 
turers Corp., 565 W. Washington Blvd., Chicago 6. 

For further informatior ircle No. 36 on Reader Inquiry Facility, page 169 


COIL WINDER 
Fine-wire coil winding ma- 
chine, model OOFA-1/1PE, 
is designed to handle  non- 
insulated wires from 24 to 48 
AWG automatically, and wires 
up to 15 AWG when guided 
by hand. Coils can be wound 
with a maximum diameter of 
3% in. and widths from 5% to 
33% in. Fully automatic paper 
interleaving attachment length- 
ens paper strip as coil diam- 
eter increases; will handle pa- 
per widths from 34 to 4 in. and lengths from 3% to 10 in. 
Other operating features include: stepless adjustment of 
wire-guide advance, even while machine is running; auto- 
matic reversing of wire guide at layer end; easy and precise 
method of setting layer width; simple adjustment of wire 
pull which will remain constant regardless of speed and 
reel diameter; and automatic cut-off after pre-set number 
of turns, wire breakage or empty reel. Standard winder 
comes mounted on a base plate, with tail stock, spool 
stand, wire guide and 110- or 220-volt, single-phase, %4-hp 
motor. Cosa Corp., 405 Lexington Ave., New York 17. 
er information, circle No. 37 on Reader Inquiry Facility, page 169 


SOLDER-TYPE LUGS, SPLICERS 


Line of solder-type lugs 
and splicers are for cable 
size from 6 through 4/0 
AWG. Soldering lugs have 
large diameter stud holes lo- 
cated near outer end of lug 
tang to permit use of wing 
nuts. Lugs are made from 
electrolytic seamless tubing; 
tang is solidly impacted to 
prevent solder leakage. Fin- 
ish is bright copper to fa- 
cilitate easy soldering. 
Tweco Products Co., Box 666, Wichita 1, Kansas. 

For further informatior ircle No. 38 on Reader Inquiry Facility, page 16 


TWECO LUG SET 


team ome 


MINIATURE SENSITIVE RELAY 


Hermetically sealed d-c 
relay, Type 22RJ, with con- 
tact combinations up to 
DPDT measures only 1% 
x 1 x 1 in. exclusive of 
terminals. Sensitivity of 
standard double-pole units is 
about 40 mw. Relays with- 
stand better than 10-g ac- 
celeration at frequencies in 
excess of 60 cps; when 2 to 
1 ratio for operate and re- 
lease currents are provided, 

relay will withstand sustained acceleration as high as 50 g. 
Coils have resistances up to 12,000 ohm and 1 watt max 
dissipation. Contacts have 2-amp nominal resistive rating. 
Sigma Instruments Inc., 70 Ceylon St., Boston 21, Mass. 
For further information, circle No. 39 on Reader Inquiry Facility, page 169 
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SEYMOUR SERVICE 
---- AT ALL POINTS 


NICKEL SILVER..... PHOSPHOR BRONZE..... NICKEL ANODES 
news WELDING ROD ..... whatever your requirements may be, specify 
SEYMOUR for shipment from strategically located distributor warehouses. 
Write us or consult with your nearest Seymour distributor for shipping 
dates on mill run quantities. 


If you want SERVICE, you want SEYMOUR! 


















THE COREY STEEL COMPANY (Mill Products) 


CICERO 50, IIL, 2800 S. 61st Court 
DAVENPORT, lowa, 736 Federal St. 


INDIANAPOLIS, Ind., 119 S. Emerson St. 


MILWAUKEE 2, Wise., 647 W. Virginia St. 


WILLIAMS & COMPANY (Mill Products) 


CINCINNAT| 29, O., 3231 Fredonia Ave. 
CLEVELAND 14, O., 3700 Perkins Ave. 


COLUMBUS 12, O., 851 Williams Ave. 
PITTSBURGH 12, Pa., 901 Pennsylvania Ave. 


TOLEDO 2, O., 650 Woodruff Ave. 


DISTRIBUTORS (Anodes) 


Eaton Chemical & Dyestuff Co., 1490 Franklin 
St., Detroit, Mich. * Crown Rheostat & Supply 
Co., 3465 N. Kimball Ave., Chicago, Ill. 
Munning & Munning, Inc., 202-208 Emmett Ave., 
Newark, N. J. * Somers Bros. Mfg. Co., 3439- 
41-45 N. Broadway, St. Louis, Mo. * W. M. 
Fotheringham, 977-81 Niagara St., Buffalo, 
N. Y. * Enthone, Inc., 442 Elm St., New Haven, Conn. * Clark Chemical 
& Supply Co., Inc., Box 5726, Indianapolis 7, Ind. * The Gilbert Tramer 
Co., 402 Swetland Bldg., Cleveland 15, Ohio * Bart-Messing Corp., 
45 Morgan St., Brooklyn, N. Y. 


THE SEYMOUR MANUFACTURING COMPANY, SEYMOUR, CONNECTICUT 


mSEYMO UR 


NONFERROUS ALLOYS SINCE 1878 








JANUARY 1951 


HERE’S A COMPACT 
SLOWPOKE 


Designers and manufacturers concerned with the ex- 
cessive space requirements and high cost of external 
reduction gearing will welcome this new slow speed 
timing motor. The series 4400 requires minimum space 
and provides, at comparatively low costs, speeds from 
6 hours to 7 days per revolution. The careful design, 
expert engineering and precision manufacture, are 
advantages common to all Haydon motors. 


SUPERIORITY FEATURES 


DEPENDABILITY: Slow 450 rpm rotor speed means less 
reduction gearing and fewer fast wheels, pro- 
viding quieter operation and longer life. 

SMALL SIZE: Smallest available of this type. 

TOTAL ENCLOSURE: A basic feature of sound design. 

CONTROLLED LUBRICATION: Separate rotor and reduction 
gearing lubricating systems permit selection of 
best methods and lubricants, control circula- 
tion, insure against leakage. 

OPERATING POSITION: Operates continuously in any 
position. 

SIMPLE, SECURE ASSEMBLY: Entire face of motor can be 
supported securely against mounting surface. 
Motor leads standard for quick, inexpensive 
wiring. 

STANDARD INTERCHANGEABLE DESIGNS: Speed from 300 
rpm to 1 revolution per week in only 2 inter- 
changeable motor series. 

For complete design and engineering specifications, write 

for catalog: Timing Motors No. 322 — Timers No. 323 

— Clock Movements No. 324. Yours without obligation. 
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HAY DON | HAYDON Manufacturing 


AT TORRINGTON 2525 ELM STREET 


HEADQUARTERS FOR TORRINGTON, CONNECTICUT 
if I M | | 5 sussipiary of GENERAL TIME corporation 


Laboratory and 
Engineering 
Equipment 


PORTABLE OSCILLOSCOPE 


Model WO-56A, 7-in. portable oscillo- 
scope has three push-pull stages of direct- 
coupled amplification, wide frequency 
response, a high deflection sensitivity, 
and a good square-wave response. Sensi- 
tivity is 11 millivolt per in. High-fre- 
quency response of instrument is ob- 
tained by using frequency-compensated 
direct-coupled amplifiers without peak- 
ing coils. Useful as a peak-to-peak volt- 
meter; vertical amplifier can be calibrated 


so as little as 10.6 mv rms, or 30 mv 
peak-to-peak produce 1 in. of vertical 
deflection. Step attenuator can be’ used 
as a voltmeter-range switch, and peak-to- 
peak values of voltage can be read on 
the calibrated green graph screen. Sweep 
oscillator provides a sawtooth output 
which is linear over entire oscillator 
range of three to 30,000 cps, and also 
has a high-speed retrace. Oscilloscope 
uses a Potter-type electron-tube oscillator 
and a horizontal amplifier with frequency 
response essentially flat from d-c to 500 
ke. Radio Corporation of America, Com- 
mercial Engineering Section L41R, Har- 
rison, N. J. 

ee No. 40, Reader Inquiry Facility, page 169 


D.C INDICATING AMPLIFIERS 


Line of multipurpose stabilized d-c in- 
dicating amplifiers are useful for low- 
level d-c measurements as direct-reading 


microvoltmeters or micro-microammeters; 
as recorder pre-amplifiers to extend range 
of standard recorders; and as high-sen- 
sitivity, short-period null detectors in 
place of galvanometers. Amplifiers are 
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supplied either as voltage or current type, 
with choice of zero-left or zero-center 
built-in 4-in. indicating meter. Without 
impairing performance, voltage amplifier 
can be used with sources up to 10,000 
ohm resistance, and the current type with 
sources of 100,000 ohm and _ higher. 
Basic range of voltage amplifier is 0 to 
50 or —25 to +25 microvolt, with scale 
multipliers of 1, 2, 4, 10, 20 and 40; 
basic range of current amplifier, 0 to 
1000 or —500 to +500 micro-microamp, 
with multipliers of 1, 2, 5, 10, 20, 50, 
100, 200, 500, 1000, and 2000. Response 
time of both models is 2 to 3 sec. Out- 
put at recorder connector for full-scale 
input on any range is 10 mv at output 
impedance of 500 ohm. Leeds & North- 
rup Co., 4934 Stenton Ave., Philadelphia. 


See No. 41, Reader Inquiry Facility, page 169 


CAPACITOR ANALYZER 
Wide-range direct-reading capaci- 
tor analyzer will determine capaci- 
tance values between 5 mmf and 12,- 
000 mf. Also meter will measure in- 
sulation resistance from 1.1 to 12,000 
megohm, leakage current, dielectric 





strength, and percentage power factor. 
Divided panel carries an outline of 
the operating instructions and makes 
use possible without reference to an 
instruction book. Analyzer operates on 
110 volt 60 cycle. Shallcross Manu- 
facturing Co., 10 Jackson Ave., Col- 
lingdale, Pa. 

See No. 42, Reader Inquiry Facility, page 169 


ULTRASONIC GENERATOR 
Model GA-1010 ultrasonic generator is 
for applications where high-frequency 
quartz crystals are not satisfactory. 





Equipment includes a 1-kw magnetostric- 


tion transducer, operating at approxi- | 
mately 24 ke and having an exposed flat | 











IF you’re looking for a rugged, heavy duty interval 
timer, this Haydon® unit will save you time and money. 
It will meet every test for stamina, dependability and 
efficiency; is designed as a versatile, multi-purpose 
unit, Whatever your need for an interval timer may 
be, see the Haydon Series 8006 first. 


CHECK THESE 8006 FEATURES 


1. Standard models for intervals of 1, 15, 60 and 
180 minutes; dial and knob optional. 2. Other models 
for intervals up to 24 hours or more are available, 
without dial or knob. 3. HOLD feature furnished if 


wanted. 4. Heavy duty switch is rated 28A, 250 VAC; 


1 HP 250 VAC. 5. Heavy contact pressure; ample 
follow-through is assured. 6. Snap action device gives 
quick, positive break. 7. Removable dust cover for 
timer; totally enclosed motor. 8. Settable in either 
direction, to start or when operating. 9. May be used 
under conditions of high temperature and humidity. 


ALL HAYDON TIMING DEVICES GIVE YOU 


these advantages of the dependable Haydon Motor: 
Total enclosure — Very small size — Slow (450 rpm) 
rotor for long life, quiet operation — Controlled 
lubrication with separate systems for rotor 
and gear train — Mounting and operation in 
any position. 


@ TRADE MARK REG. U.S- PAT. OFF. 


For complete design and engineering specifications, write 
for catalog: Timing Motors No. 322 — Timers No. 323 
— Clock Movements No. 324. Yours without obligation. 
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ARTS 


is easy and 


MARKEM 
MACHINES 


Direct 
niiad | COMPONENT § irr". 
be 


Both have been designed expressly for the electrical field. With 
them, you can imprint vital identification data and trade marks 
directly on cylindrical objects, thereby eliminating laborious and 
costly transfers. Either machine can be made part of your 
production line, cutting time and expense of marking components. 


—_# 


The MARKEM 13A ~ imprints the base of television The MARKEM 20A —marks radio tubes, minia- 
and cathode ray tubes. It hobds the tube completely tures, resistors, capacitors, and other cylindrical objects 
immobile during the printing operation...uses sturdy clearly, durably with Markem rubber plates and quick- 
rubber plates with quick-drying, heat-resistant inks. drying, heat-resistant inks. 


Type changes can be made on either machine in seconds. Both 
make attractive, legible imprints and will not damage the 
most fragile surfaces. Write today, describing the components 
you are marking, and we'll send facts and costs about the 


machine best suited to your needs. 


YS (2 ea 


Specify the electrical properties, flex- 

ibility, tensile strength, laying speed, 
uniformity and other characteristics you 
must have. Our Hudson and Winsted Di- 
visions will meet and maintain your spe- 
cifications. 


Yes, “Fine Wire Made Finer!” That’s why 
Hudson-Winsted fine wires are the first 
choice of electrical, radio-TV and elec- 
tronic manufacturers whose products are 
noted for reliability and long life. 


made 


Keene 29, 
New Hampshire 


finer 


custom drawn 
custom insulated 

custom spooled... 

to your most exacting 
requirements 


Tell us your wire problems 
and requirements. Our re- 
search, engineering and pro- 
duction facilities are at your 
disposal. Let us quote! 


hudsOn wire company 


general offices: ossining, n. y. winsted division, winsted, conn. 


vibrating surface of 20 sq cm. Structure 
is oil-filled and is provided with a water- 
cooled radiator. Power supply equip- 
ment for operating transducer is fur- 
nished in a rack 70x 22x 17% in. and 
is operated from 115 volt 60 cycle. 
Among industrial applications made with 
apparatus are: high-speed cleaning and 
descaling of metals at room tempera- 
tures; increase solubility of substances; 
production of greases at room tempera- 
tures which normally require grinding at 
high temperatures in colloid mills; filter- 
ing of ultra-fine particles and clarification 
of foggy liquids; and rapid penetration 
of dyes into textiles. Massa Laboratories, 
Inc., 5 Fottler Rd., Hingham, Mass. 


See No. 43, Reader Inquiry Facility, page 169 


PULSE GENERATOR 


For testing scaling units and other 
pulse-controlled circuits, Model 1022 
pulse generator provides pulses, either 


positive or negative, with a choice of 
1, 10 or 100 microsec width. Three 
ranges of pulse amplitude, 0.5, 5, and 20 
volt full-scale reading. Variations in line 
voltage between 110 and 125 volt do 
not appreciably affect output pulse. On 
60-cycle supply, pulse frequency is 60 
per sec. If an external oscillator is con- 
nected, pulse frequency can be varied 
between 10 and 200,000 pulses per sec. 
Accuracy of instrument is within 5 per 
cent over entire range. Nuclear Instru- 
ment & Chemical Corp., 223-233 W. 
Erie St., Chicago 10. 

No. 44, Reader Inquiry Facility, page 169 


HAND TACHOMETER 
Centrifugal tachometers, Jagabi Types 
“DO” and “AO,” are protected with a 
clutch device which minimizes possibility 
of damage when using a low-speed range 
for a high-speed spindle, or from too 
sudden acceleration. A form of friction 


coupling greatly reduces likelihood of 
damage due to occasional or unintentional 
excessive acceleration and overspeeding. 
Tachometers are available with one, three 
or five ranges; for speed measurement 
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POWDER METALLURGY 
PARTS RESULT IN QUIET 
OPERATION 


Manufacturers of household appliances, 
business machines and factory equipment 
have long recognized the importance of 
quiet operation as a selling tool. Product 
designers have found economical ways of 
obtaining this desirable feature through 
increased use of bearings, gears, cams 
and other parts produced by powder 
metallurgy. 


These bearings and parts, manufactured 
under the trade names of “COMPO” 
(porous bronze) and “POWDIRON” 
(sintered iron) assure extremely quiet 
operation because of (1) their accurate 
dimensions; (2) their method of lubri- 
cation. 


ACCURATE DIMENSIONS 


“COMPO” and “POWDIRON” bearings 
and parts are die-formed to their final 
dimensions within extremely close tol- 
erances. Hence the play of shafts in bear- 
ings can be kept to a minimum; gear, 
cams ayd similar parts mesh closely and 
quietly. These advantages are obtained 
without any need for expensive machin- 
ing operations to give the required tol- 


erances. 





In this application of a self-aligning “COMPO” 
bearing in an electric fan, accurate dimension- 
ing permits extremely close running clearances, 
essential for quiet operation. 


METHOD OF LUBRICATION 
The lubrication principle used in “COM- 
PO” and “POWDIRON” eliminates any 
noise-producing metal-to-metal contact 
between moving parts. When the machine 
is at rest, oil is stored uniformly through- 
out the capillary structure of the bearing 
or part. When the machine starts, oil is 
instantly fed to the surface from the 
microscopic pores, thus maintaining a 
constant oil film. 


Recommendations on “COMPO” and 
“POWDIRON” bearings and parts for 
specific applications may be obtained from 
the manufacturer, Bound Brook Oil-Less 
Bearing Company, Bound Brook, N. J. 

(ADVERTISEMENT ) 
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“Let’s keep this just as quiet as we can!” 





EXTREME QUIETNESS is one of the 


* ° 
6“ outstanding advantages of 

COMPO’... a 

Sand POWDIRONG snoranrs 
Constantly maintained oil film ends noisy 
metal-to-metal contact. Accurate dimension- 
ing keeps parts working together smoothly 
and silently. These are the “let’s keep it 
quiet” features of “COMPO” and “POWDIRON” 


bearings and parts— put them to work in 
your product! 


















*THE 6 OUTSTANDING 
ADVANTAGES OF 


**COMPO”’ and 
**~POWDIRON”’ are: 


1. Extreme quietness 

2. Efficient self-lubrica- 
tion 

3. Low installation cost 


4. Low operating and 
maintenance cost 


5. High load capacity at 
high speeds 


6. Low unit cost 


For the latest line-up of stock sizes of 
“COMPO” bearings, write on your company 
letterhead. Consult our Engineering 
Department on special requirements 
” po wae, 
for bearings or parts. SE ARINGS 


Send for this FREE Booklet Gril] 


Sw 


ESTABLISHED 1883 








“COMPO” 

. 
“POWDIRON* 
° 
“BOUND BROOK" 
* 


153 





Precision of temperature con- 
trol is the basis for uniform 
quality in many products. 
Typical of the equipment 
which automatically maintains 
process temperatures within 
close limits under varying 
load conditions is the Royle 
Temperature Control Unit 
shown here! 
It is also typical of modern 
equipment design that LORD 
products are used to protect 
sensitive controls against de- 
structive vibration. Note that 
LORD Flexible Mountings 
beneath each pump isolate the 
source of disturbance; and 
> LORD Flexible Couplings be- 
tween motor and pumps 
accommodate shaft misalign- 
>mentand dampen shaft 
vibration. 
In addition to protecting 
accuracy, LORD Mountings 
and Couplings add sales ap- 
peal by making mechanical 
products smoother and 
quieter. Learn how LORD Vi- 
bration Control can improve 
your product. Submit details 
for analysis and recommen- 
dation; or request that the 
LORD representative call. 


—— 


Vibration-Control Mountings 
... Bonded-Rubber Parts 


~ONDen aves 


| three 


| Camera is 





from 25 to 48,000 rpm. James G. Biddle 
Co., 1316 Arch St., Philadelphia 7. 
No. 45, Reader Inquiry Facility, page 169 


RECORDING CAMERA 


Oscillograph camera provides a com- 
plete record of a trace in 1 min; no 
darkroom facilities are required. Camera 
is designed specifically for any standard, 
5-in. cathode-ray oscillograph. Polaroid- 
Land process is employed for delivering 
a finished print at termination of each 
completed exposure or set of exposures. 
By means of a sliding mount, camera 
may be positioned so that several traces 


can be recorded on a single print, for 
side-by-side comparisons. Built-in detent 
divides a single point into one, two, or 
separate exposure areas. Lens 
aperture is f/2.8, and lens is coated to 
minimize halation. Shutter settings are 
1/100, 1/50, 1/25, Time, and Bulb. Size 
of print is 24x 3% in.; ratio of dimen- 
sions from trace to recording is 2.25:1. 
mounted by means of a 
Instrument Div., Allen 
Inc., 1000 


clamping ring. 
B. Du Mont Laboratories, 
Main Ave., Clifton, N. J. 

ee No. 46, Reader Inquiry Facility, 


ELECTRO DYNAMIC SHAKER 


Up to 50 g acceleration can be ob- 
tained with mass loads of % lb or less, 
and testing to U. S. Air Force specifica- 
tions of 20 g can be accomplished with 
inertia loads up to 14 Ib with: Model 44 
shaker. Other features of shaker include: 


450-lb vector force output at 40-C arma- 
ture temperature rise; Class B glass insu- 
lation; 8.25 lb armature weight; only 
one flexure resonance in operating range 
to 500 cps; and l-in. total armature 
stroke with automatic overtravel cutout. 
Power supply for shaker also available. 
The Calidyne Co., 751 Main St., Win- 


| chester, Mass. 


See No. 47, Reader Inquiry Facility, page 169 


ELECTRICAL MANUFACTURING 














The well known characteristics of 
polyethylene is now available in 

calendered tape form. Usual thickness 
004, .007, .10. Widths as specified. 





NEW JERSEY WOOD FINISHING COMPANY 


ELECTRICAL INSULATION DEPARTMENT © WOODBRIDGE, N. J. 





Varnished Cambric Cloth Varnished Fiberglass 

Olher WVartex Products Varnished Cambric Tapes “Varslot” Combination Slot Insulation 
Varnished Duck Synthetic Resin Extruded Tubing 
Varnished Silk Substitutes Cable Wrapping Tapes 
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A COMPLETE LINE OF VIBRATORS... 
Designed for Use in Standard Vibrator-Operated Auto 
Radio Receivers. Built with Precision Construction, fea- 
turing Ceramic Stock Spacers for Longer Lasting Life. 
Backed by more than 19 years of experience in 
Vibrator Design, Development, and Manufacturing. 


ATR PIONEERED IN THE 
VIBRATOR FIELD. 


American Tetevision @ Ravio Co 


- 1G35/ 


| 7, alilg Per ta Gees 


AINT PA 


| TUBE 


Manufacturers’ 
Literature 


To obtain copies of these selected pub 
lications on materials, components and 
engineering services, follow instructions 
below each item. For those items that 
have complete mail addresses write direct 
to manufacturer on company letterhead, 
mentioning ELECTRICAL MANUFACTURING 
as your source. For those items that have 
a number, use Reader Inquiry Facility on 
page 169. 


SERVOMECHANISMS “Nonlinear 
Techniques For Improving Servo Per- 
formance,” a 34-page paper by Donald 
McDonald, discusses methods of improv- 
ing ability of a servo or automatic con- 
trol to follow rapidly varying motion, and 
a graphical method is shown for analyz- 
ing high-speed operation of such devices. 
If nonlinear elements are used in servos, 
system performance can be improved, but 
mathematics used in design are difficult. 
Phase plane and space analysis applied 
to nonlinear servo problems give an ana- 
lytical interpretation of the effect of non- 
linear elements and assist in design of 
nonlinear servos. Cook Research Labora- 
tories, Div., Cook Electric Co., 1457 
Diversey Parkway, Chicago 14. 


ENGINEERING MANUAL — 
Fifty-page engineering manual and cata- 
log completely covers the subject of 
gaseous-discharge rectifier and control- 
rectifier tubes. Text includes information 
on tube ratings, applications, and life 
expectancy, amply illustrated with dia- 
grams. Information is given also on tube 
protection, efficiency, regulation, filters, 
load, mechanical design, tube variations 
and design of rectifier units. Electrons, 
Inc., 127 Sussex Ave., Newark 4, N. J. 


WORM GEAR DRIVES—Three basic 
types of worm gear drives, each available 
in 10 different ratings and in speed ratios 
of 358:1 to 8000:1, are illustrated, de- 
scribed and tabulated in 80-page book 
No. 2324. Main part of the catalog con- 
sists of two sections, one giving horse- 
power ratings for the line and the other 
dimensions. Another section, on selection, 
contains typical drive problems with 
their solutions and shows how to select 
the proper drive for a specific duty. Many 
photographs of applications. Link Belt 
Co., 307 N. Michigan Ave., Chicago 1. 


TEMPERATURE CONTROLS — Two 
color, 24-page manual, “The Design and 
Process Engineer’s Guide to Industrial 
Temperature Measurement and Control,” 
defines different types of temperature 
control systems and distinguishes be- 
tween them so the engineer can logically 
select the particular type most applicable. 
First described are: 8 ways of responding 
to temperature, 5 ways of putting that 
response to work. and the 9 basic Part- 
low instrument types. Thereafter, manual 
is devoted to relative evaluations of sys- 


Los Angeles « 


What Price 


Fasteners? 


First cost or Final cost? 


In terms of your over-all prod- 
uct cost, the price of any fas- 
tener is low. But a low price 
may be a high cost if a fas- 
tener keeps assembly time 
and reject ratios high. 


A good fastener— uniform, re- 
liable, and right for the job — 
can save its price many times 
over. Scovill makes good fas- 
teners. 


Scovill fasteners are made on 
special order only: no “bin” 
stock is carried. They are 
“custom-made” for the job. 


Recessed Head Screws * Sems 

Tapping Screws Standard 

Machine Screws + Special Cold 
Headed Parts 


Industrial Fastener Sales, Waterville Division 
Scovill Manufacturing Co., Waterville 14, Conn. 


Montclair, N.J. « Detroit « Wheaton, Ill. 


Cleveland «¢ San Francisco 
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tet 1) 4 estas ya) 
reed Westinghouse 
Manual Motor Sentinels 


with MONARCH 


Precision-Engineered Aluminum Die Castings 


This Monarch-engineered aluminum die cast 
enclosure does double duty for Westinghouse. 
It assures immediate sales appeal with its 
smooth, attractive appearance. It offers maxi- 
mum strength and durability. It provides for 
easy installation through the specially design- 
ed knockout plugs for leading in the cable. 


Every day more and more product designers 
and purchasing executives turn to Monarch 


If yours is a castings problem 
it can pay you to call on Monarch 
for complete castings service. 


for die castings designed and engineered to 
solve specific production problems. Monarch 
always meets their requirements. That’s why 
today so many of America’s ‘‘blue-chip”’ 
manufacturers bring their castings problems 
to Monarch... 
castings, but for aluminum permanent mold 
and VELVAGLAZE processed castings, 
Monarcast to fit the job at hand. 


not just for aluminum die 


MONARCH ALUMINUM MFG. COMPANY : Detroit Avenue at West 93rd Street, Cleveland 2, Ohio 
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Here’s why those in the know 


—demand 


Rigid mounting for both plug and receptacle 


Tapered shell design centers to engage contacts 
: automatically. 


High-voltage contact—7000 volts, 60-cycle, 
C peak on special order. 


Socket contacts are full-floating—turn through 
3600. Quick, self-centering —eases inspection. 


Highly legible contact numbers on insert faces. 


inserts of latest approved high dielectric materials. 


Your requirements are responsible 
for the 8 to 10 design advantages 
found in each type of Cannon Plug. 
That’s why engineers know the spe- 
cification is right when it calls for 
CANNON. The DP Connector Series 
is just one of many Cannon types 
— world’s most complete line. Re- 
quest bulletins by required type or 
describe connector service you need. 


CANNON 
ELECTRIC 


Since 1915 
LOS ANGELES 31, CALIFORNIA 
REPRESENTATIVES IN PRINCIPAL CITIES 


CANNON 
PLUGS 


Coaxial contact. Inspection door, now 
open, snaps closed, giving constant 


impedence. Twinax contacts available. | 


Hand-tinning keeps solder inside cups. 


All contacts, precision-machined from solid 
bar stock, electroplated with silver or gold. 


Insert arrangements are available with 
2 to 45 contacts ranging from 15 amp 
to 200 amp capacity. Continuous shield- 
ing available in Coaxial and Twinax. 
Metal finish on shells for shielding 
and bonding . . . tin plating on alumi- 
num. Other finishes available on 
special request. 


Type DPD Connectors are permanent 
installations in rack and panel equip- 
ment... mate automatically. . . have 
weight and space-saving advantages 
over other connector types. 


tems and the numerous considerations of 
application engineering. Included are 
chapters on: influence of firing system 


| upon design of control system, funda- 


menial tenets of mercury-bulb installa- 
tion, and basic concepts of electrical and 


| mechanical control theory. Typical cir- 


cuits and piping arrangement, and ranges 
and calibrations of scales and dials, are 
dealt with diagrammatically. The Part- 
low Corp., New Hartford, N. Y. 


OPPORTUNITIES IN SCIENCE AND 
ENGINEERING — Fourteen-page pam- 
phlet describes the work and facilities at 
the Ordnance Development Div., Na- 
tional Bureau of Standards. Briefly the 
pamphlet covers scope of research, facil- 
ities, number of persons employed and 
organization of the Bureau. Given in 
more specific terms is the work in the 


| Ordnance Development Div.: experimen- 


tation, research and development of elec- 
tronic devices, energy sources, transmis- 
sion and radiation systems, mechanical 
components, servomechanisms, power 


supplies, production techniques, mate- 


rials, instrumentation, electron tubes. 
Education programs of the Bureau are 


| described along with working conditions 
| and how to apply for employment. Ord- 


nance Development Div., National Bu- 
reau of Standards, Washington 25, D. C. 


ELECTRIC SWITCHES — Catalog No. 
80 of 112 pages in seven separate sec- 
tions describes complete line of dead- 
front, tap and open-knife switches and 
accessories. Three sections cover single- 
and double-throw dead-front switches for 
steel, ebony asbestos and other switch- 
boards; ratings range up to 2000 amp 
600 volt. Three sections cover tap 
switches with 3 to 12 points with varia- 
tions including series-parallel, double, 
shorting and auxiliary switches. Ratings 
range up to 1200 amp 2400 volt. Last 
section covers open-knife switches avail- 
able with many variations and ratings up 
to 7000 amp 600 volt; knife disconnects 
have ratings up to 7500 volt. Dimen- 
sional data given for each type. The 
Barkelew Electric Mfg. Co. 

See No. 48, Reader Inquiry Facility, page 169 


SERVO MOTORS—Line of fhp servo 
motors is described and illustrated in 12- 
page catalog. Data sheet on each style 
gives features, ratings, construction de- 
tails, dimensions, schematic diagram and 
complete set of performance curves. Both 
low- and medium-inertia types available. 
Ford Instrument Co. 

See No. 49, Reader Inquiry Facility, page 169 


CIRCUIT BREAKERS—Complete line of 
fully magnetic, nonthermal, auxiliary cir- 
cuit breakers are listed in 4-page Bulletin 
3200. Cutaway view of breaker and 


| overload curves show construction and 


operation. Units are rated for loads of 
0.010 and 50 amp up to 250 volt a-c and 
have interrupting capacities up to 2000 
amp. Heinemann Electric Co. 

See No. 50, Reader Inquiry Facility, page 169 


HERMETIC SEALING TERMINALS— 
Twelve-page catalog W51 gives engineer- 
ing data on hermetic sealing terminals for 
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Snerwin-Wittiams | 
INDUSTRIAL RESEARCH | 


the same dependable source for 


FINISHING MATERIALS 
‘FINISHING KNOW-HOW 


Whether you are buying finishes to meet defense specifications or your 
own Civilian requirements, you can simplify the job... find dependable 
help on special needs .. . expedite or eliminate troublesome problems 
... through The Sherwin-Williams Industrial Division with its wealth 
of know-how and background, both in civilian and wartime experience. 

This broad background provides the same extra advantage of ex- 
perience in Sherwin-Williams finishes supplied to meet military specifi- 
cations—whether for wood, metal or other surfaces—as in the Sherwin- 
Williams finishes well known for many years for civilian production, 
such as Kemclad, Superclad, Kemvar and TV Lacquers. 

This experience is available to you, today, wherever you may be, 
through facilities extending from coast to coast. Call, wire or write 
The Sherwin-Williams Co., 101 Prospect Ave., N. W., Cleveland 1, O. 


SHERWIN-WILLIAMS 
INDUSTRIAL FINISHES 
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Delicate fabrication 
or massive work, Kes- 
ter makes a special- 
ized flux-core solder 
(over 100,000 differ- 
ent types and sizes) 
that will do the job 
perfectly. Kester Sol- 
ders are made only 
from newly mined 
grade A tin and vir- 
gin lead. 


Kester Flux-Core Solders are not only preferred by 
industry, but individual workers also insist upon 
Kester to enable them to do their best work with a 


minimum of rejects. 


Saves Time 


A Kester Technical Engineer, with his wide experi- 
ence in industry, will specify the most efficient flux- 
core solder for your operation and will suggest the 


best method of application. 


Kester Solder Company 


4209 Wrightwood Ave., Chicago 39 
Newark, N. J. Brantford, Canada 


Send for free manual 
“SOLDER and Soldering 
Technique” 


4531351 
Tb): 


Standard for Industry since 1899 
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serene 


ae 


electrical and electronic products. Ter- 
minal types included are: glass-to-metal, 
alumina, alumina lead-through, multiple 
refrigerator and various other types. In 
addition, a special section is devoted to 
metallized-glass seals and electronic insu- 
lators, and another to helpful engineering 
information relating to terminal selection. 
T. C. Wheaton Co. 


See No. 51, Reader Inquiry Facility, page 169 


ELECTRIC, PNEUMATIC CONTROLS 
—“The Control Story,” a 24-page book- 
let, outlines operation of automatic con- 
trols for heating, ventilating and air 
conditioning. Sensing elements and out- 
put members are described followed by 
explanations of pneumatic and electric 
control systems. Cartoons scattered 
through text highlight points covered. 
Barber-Colman Co. 

ee No. 52, Reader Inquiry Facility, page 169 


MULTIPOLE SWITCHES — Rotary 
multipole tap and transfer switches that 
conform to Navy and UL requirements 
are described in 8-page catalog 1950-JR. 
Sectional, cutaway and exploded views 
show design details. Ratings are 10 amp 
125 volt a-c, 5 amp 125 volt d-c. 
Electro Switch Corp. 

ee No. 53, Reader Inquiry Facility, page 169 


TITANIUM—Twelve-page bulletin A- 
820 on titanium metal contains compre- 
hensive tables giving comparative prop- 
erties of titanium and other metals and 
alloys. Succeeding chapters discuss pri- 
mary forming, properties of fabricated 
titanium, alloys and bibliography. E. I. 
du Pont de Nemours & Co. (Inc.). 
e No. 54, Reader Inquiry Facility, page 


OILERS—Line of oil caps, oil tubes, tube 
forms and vents for designed-in use are 
illustrated and described in 20-page 1951 
catalog. Oil cap types include: self- 
sealing, straight lid and right-angle lid. 
Dimensioned drawings give sizes. Eynon- 
Dakin Co. 
e No. 55, Reader Inquiry Facility, page 


TRIFLUOROCHLOROETHYLENE 
Technical bulletin No. 4-10-50 of 2 pages 
contains information on properties and 
methods of applying Kel-F dispersions 
The M. W. Kellogg Co. 

No. 56, Reader Inquiry Facility 


ELECTRONIC VOLTMETERS — Six- 
teen-page catalog 14 describes line of 
electronic voltmeters. Features and speci- 
fications given for each model along with 
an illustration of instrument. Also in- 
cluded is line of multipliers and precision 
resistors. Ballantine Laboratories, Inc. 

No. 57, Reader Inquiry Facility, page 16 


SMALL-LOT MOLDED PLASTICS- 
Small-lot injection molding service for 
plastics materials is described in 2-page 
folder. Cost of first hundred pieces using 
new process is about $100. Size is lim 
ited to % oz or 2x3x1 in. Dayton 
Rogers Manufacturing Co. 

See No. 58, Recder 


+cC 


Inquiry Facility, page 169 
MERCURY RELAYS—Four-page catalog 


illustrates and lists line of sensitive relays 
and heavy duty 1-, 2- and 3-pole mercury- 
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SP. inserts in wen 


ial connectors, ‘‘Tefion” helps 
eliminate distortions in the 
circuit. 























5 reasons why 


DUPONT TEFLON” 


gives unequaled efficiency 
in high-frequency transmission 





_For high-frequency, 

high-voltage, high- 
temperature wires, the 
heat-resistance of be | 
“Tefion” makes it a i 
superior insulator. 









DU PONT’S NEW “TEFLON” tetrafluoroethylene resin 
is proving to be an excellent insulation for high- 
frequency wires and cables, coaxial transmission 
lines for FM radio and TV, and coaxial connectors. 
“Teflon” offers all these advantages: 


ap Low dielectric constant — The dielectric con- 
, stant of “Teflon” (2.0) is less than half that of cera- 
/ mic! This new Du Pont plastic practically eliminates 
reflections and distortions in a transmission line when 
used as insulation in coaxial cables and connectors. 


3 Low loss factor—The loss factor of “‘Teflon” 
is less than 0.0005 over the entire range of frequen- 
cies measured to date. Almost no power is lost 
through transmission-line spacers made of “Teflon.” 






















Coaxial spacers molded of 
“Tefion” can boost transmission- 
line efficiency more than 10%. 3) Heat-resistant— The heat-resistance of 

“Teflon” is higher than that of any other thermo- 

plastic (withstands up to 500°F.). And its electrical 

properties show little change up to 400°F. 


© Tough and resilient — “Teflon” withstands 
abuse —won’t crack if dropped. It is resilient and 
flexible even at extremely low temperatures. Resists 
damage from vibration or bending when used as 
insulation on wires and cables. 





@ Zero moisture-absorption — “Teflon” shows 


mn comntel angie “Teter” bs a moisture-absorption of 0.00% by A.S.T.M. 


rection? and Rents ond has high | D570-42. Hence its electrical properties are unaffect- 


dishecirie strength and low lees factor. | ed even after prolonged soaking in water. 


*REG. U. S. PAT. OFF 





is supplied by Du Pont as molding powder, 
““TEFLON” is lied by Du Pont Iding powd 
tape, and water dispersion. Demand currently 

















7 exceeds supply. However, we suggest that you evaluate ——— 

. ‘Teflon” for future product improvement. Experimental +: its 

| quantities are available. Write today for further 

n information on “Teflon” and other Du Pont plastics. Ne es 
E. I. du Pont de Nemours & Co. (Inc.), 
Polychemicals Department, Sales Offices: 350 Fifth Ave., : ee 

‘ New York 1, N. Y.; 7S. Dearborn St., Chicago 3, IIl.; Better Things for Better Living 

S 845 E. 60th Street, Los Angeles 1, California. ... through Chemistry 
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ELECTRICALLY-CONTROLLED AIR POWER 
Doubles the Output 
‘OF STANDARD MACHINE TOOLS 





_ can apply Bellows electri- 

cally-controlled Air Power to 
practically any manually operated 
machine tool in your shop to (1) 
feed work to the cutting tool, (2) 
hold it, (3) feed the cutting tool to 
and through the work. You can do 
all three automatically, each move- 
ment properly timed, precision 
controlled. 


Experience of users everywhere 
proves you can double, often triple 
production from standard machine 
tools, with fewer rejects, less op- 
erator fatigue. 


With Bellows “Controlled-Air- 
Power” units, your own tool room 
can convert your manually operated 
machine tools to fast automatic 
units, quickly, and at low cost. 





Bellows “Controlled-Atr-Power” im- 
stalled on standard drill press to ream 
7/16” hole, 44" deep, jumps produc- 
tion from 700 to 2000 parts per hour 
































Bellows “Controlled-Air-Power” Ro- 
tary Work Feed Table feeds difficult 
part to milling cutter. 





Bellows Air Motors, installed on 
standard lathe to feed tail stock and 
operate cross slide, reduce auto 
maker's costs 50%. 


White for Bulletins 


CL-15, DF-105, T-25 


They'll point the way to faster, lower 
cost production in your plant. Write 


Dept. EM-151. 
Akron 9, Ohio. 


The Bellows Co., 









The Bellows Co. 


AKRON, OHIO 


FIELD ENGINEER OFFICES IN ALL PRINCIPAL CITIES AND INDUSTRIAL AREAS 









plunger relays. Prices, relay hook-ups 
and dimensional diagrams. Ebert Elec- 
tronics Corp. 

No. 59, Reader Inquiry Facility, page 169 


CHROME PLATING UNIT—Model A- 
20 chrome plating unit, Chromaster, is 
described in 4-page catalog. Surfaces up 
to 10 sq. in. can be plated at the recom- 
mended current density of 2 amp per sq 
in. Deposition can be controlled to 
tolerances of less than 0.0001 in. Indus- 
trial Chrome Div., Ward Leonard Elec- 
tric Co. 

No. 60, Reader Inquiry Facility, page 169 


MOLDED, LAMINATED PLASTICS— 
Four-page brochure describes line of In- 
surok laminated and molded plastics prod- 
ucts, and outlines production facilities and 
engineering services. Section on lami- 
nates includes a description of available 
forms, fabricated parts, gear stock, post- 
formed laminates. The Richardson Co. 


ee No. 61, Reader Inquiry Facility, page 169 


MOISTURE.-, FUNGUS-RESISTANT 
COATINGS—Bulletins 101 to 112 in- 
clusive describe a series of coating mate- 
rials to protect electrical and electronic 
equipment against moisture and fungus 
deterioration. Coatings include lacquers, 
varnishes, enamels, wax and wax solu- 
tions. Complete data given on each 
coating. Lacquer & Chemical Corp. 

See No. 62, Reader Inquiry Facility, page 169 


SELF-LOCKING SET SCREW—Heavy 
cardboard demonstrator shows the prin- 
ciple of operation for line of self-locking 
set-screws, Zip-Grip, using interference 
fit. Set Screw & Mfg. Co. 

See No. 63, Reader Inquiry Facility, page 169 


COBENIUM—tTen-page brochure de- 
scribes Cobenium, a high cobalt-base 
spring alloy composed of cobalt, molyb- 
denum, nickel, manganese, beryllium, 
carbon and iron. Combination of these 
elements produces an alloy with high 
strength, ductility and good resistance 
to corrosion. Magnetic properties, cor- 
rosion resistance, and mechanical prop- 
erties are given along with heat treatment 
and applications. Wilbur B. Driver Co. 
See No. 64, Reader Inquiry Facility, page 169 


WINDOW UNITS—Bulletin 4-D of 4 
pages shows applications for one-piece 
window units to indicate liquid level, 
flow, drip or movement of internal parts. 
Unit is flush-mounted by a press fit in 
machine housing. Bijur Lubricating Corp. 
See No. 65, Reader Inquiry Facility, page 169 


FHP VARIABLE-SPEED DRIVES— 
Bulletin No. 1601 of 4 pages describes 
the VA series of variable-speed motors 
and illustrates seven design modifications 
including 3-phase, single-phase, combi- 
nation geared drives and types with 
flanged bracket for direct connection. 
Units have gear ratio of 10:1 with speed 
range from 4 to 10,000 rpm. U. S. Elec- 
trical Motors Inc. 

See No. 66, Reader Inquiry Facility, page 169 


| ROLLER BEARINGS—Information on 


| both needle and cylindrical Guiderol 
| cageless roller bearings is contained in 
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ALSO MAKERS OF 


MIRRO 


DEFENSE DIVISION The Finest Aluminum 


ALU Lp 
SU law 


MANITOWOC WISCONSIN 
FIFTH AVENUE BLDG., NEW YORK MERCHANDISE MART, CHICAGO 54 
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illustrated 12-page bulletin No. GR-50. 
Sizes are listed in chart form along with 

speed ratings and life factor. Sizes range Qj meta Qj 
from 0.375 in. ID and 1.125 OD to 9.250 


in. ID and 11.125 in. OD. Bearing Div., 
McGill Manufacturing Co., Inc. 9 
ee No. 67, Reader Inquiry Facility, page 169 ° 


VARIABLE-SPEED TRANSMISSIONS 
—Information is given in 4-page catalog | 
on Zero-Max infinitely variable trans- | 
missions with torque ratings up to 120 























ROTARY 
SOLENOID 


Ib-in. Principle of operation is illus- 
trated and sizes are listed. Revco, Inc. 
ee No. 68, Recder Inquiry Facility, page | 5 


ACRYLICS—Five-page bulletin 68 on 
Plexiglas II heat-resistant cast acrylic 
sheet presents information on properties + 
and characteristics. Included is data on 
design stresses, recommended fabricating 
and forming techniques and design of 
molds for forming. Rohm & Haas Co. 


ee No. 69, Reader Inquiry Facility, page so 
THERMOCOUPLE ACCESSORIES- : rd i 
Quick coupling connectors and panels for Hoot . 


thermocouples are described and _illus- 
trated in 4-page catalog section 23. 


Polarized plugs and jacks have screw 

SOLVES MANY REMOTE terminals and phenolic bodies. Panels 

for any ber of jacks, are made of 

CONTROL PROBLEMS TW agit eor-sag with nar “white 
numerals. Thermo Electric Co., Inc. 


The many production applications of ee No. 70, Reader Inquiry Facility, page 


let STROM 
Ledex Rotary Solenoids vary from the 
dependable, snap-action tripping of air- LOCKNUTS—Types of locknuts and tL F Out For s(yT 


borne bomb releases to the actuation of principles of operation are discussed in 
rugged, hydraulic valves in heavy duty 20-page booklet. Locknuts of all manu- 
> 


nineniitin hceie 2 facturers are illustrated and explained 
i : ioe ; 
7 PRS Cant. briefly. Locknut Section, Industrial 


Five Ledex Rotary Solenoid models Fasteners Institute. 
are manufactured. Diameters range See No. 71, Reader Inquiry Facility, page 169 


f. 1% to 3¥% inches. i 
wee m in . hy > cur enon SYNCHRONOUS MOTORS—Expanded 
’ P = ne op line of high-speed synchronous motors is 






Whether it is a pre- 
cision ball bearing 
or one of the other 

























suit your product's requirements. Start- described in 4-page bulletin 43-200. many ball applications in in- 

. ° ° 

me Menques for 45° stroke range from Construction details are illustrated along dustry, your problem will not be 

4, pound-inches to 50 pound-inches. | with typical units. Motors have ratings entirely new. Strom has been in 
We supply to quantity users and so- of 20 hp and up and speeds of 514 rpm on many ball problems and 


licit the opportunity to be of assistance -" a er o ae — Co. : knows the importance of the 
ee No. , Reader Inquiry Facility, page lé 


in engineering a Ledex Rotary Solenoid | ~ te right ball for the job. 
to meet your product’s requirements. GEARS AND REDUCERS — Bulletin Strom has been making pre- 


789-50 of 4 pages describes line of stand cision metal balls for over 25 


ardized double-enveloping gears and re- . 
ducers. Table gives horsepower rating years for all industry and can be 






MODEL NO. 718 | 
Diameter "| 


"1254" 13%” 








Torque Ib. / inches: for gears at 100 and 1750 rpm. _ Iilus- a big help to you in selecting the 
Weight ibs. trations show typical units. Cone-Drive right ball for any of your require- 

= Gears Div., Michigan Tool Co. ments. In size and spherical 

at andee anes a sa any Feely. page Te accuracy, perfection of surface, 
eeenees as, ie ae COLD PRESSSURE WELDING—Vari- uniformity, and dependable 


rotary motion by means 
of ball bearings on in- 
ined races. 


ous types of welds that can be made by physical quality, there’s not a 


the Koldweld process are discussed and better ball made. 
illustrated in 4-page brochure. Types in- 
clude: trap, wave, stagger, sandwich, lap, 
wire and conductor, and contact. Kold- 
weld Corp. 

ee No. 74, Reader Inquiry 







WRITE 
DIRECT TO 


AUTOMATIC PLASTICS MOLDING- 
“Fully Automatic Molding of Thermoset- 
ting Plastics” is a small 24-page booklet 


<< S. ' that discusses evolution of presses and S STEEL BALL & u 
111 WEBSTER STREET advantages of fully automatic molding of eo 
plastics parts. Last half illustrates appli- ' 54th Ave., Cicero 50, tll. 
DAYTON 2, OHIO cations for automatic molding with brief 1850 Se. : f 


case histories. F. J. Stokes Machine Co. f Largest Independent and Exclusive : 
See No. 75, Reader Inquiry Facility, page 169 Metal Ball Manufacturer 
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Another new development using 


& 


B. F. Goodrich Chemical Company raw materials 


ARKING lamps and tail lights 
are living a longer, brighter 
life now—thanks to a new Geon 
plastisol-coated socket. This new 
development not only seals out dust 
and moisture from the socket as- 
sembly, but does away with such 
frequently unsatisfactory devices as 
boots, gaskets, grommets, etc. 
This new socket, used in certain 
1951 cars, is made possible because 
of the remarkable versatility of the 
plastisol coating made from Geon 
paste resin. 
A single dip operation using Geon 
plastisol eliminates as many as three 
or four of the steps in the production 


of conventional socket assemblies. 
Many more automotive, electrical 
and mechanical parts can be simi- 
larly treated. 

Note, too, these processing ad- 
vantages with Geon paste resin. No 
solvents or expensive mixing equip- 
ment are needed. It is easily dis- 
persed in plasticizers to make 
paste-like fluid. You can use it for 
dipping or coating, for molding or 
casting. Many attractive colors may 
be obtained. 

Geon paste resin’s adaptability 
may suggest a product or product 
improvement to you—a new way to 
make sales—a new way to solve 





B. F. Goodrich Chemical Company does not make this socket 
assembly. We supply raw materials for the coating only. 


materials problems. We make no 
finished products—supply raw ma- 
terials only. But technical advice is 
ready at your call. Write Dept. GE-1, 
B. F. Goodrich Chemical Company, 
Rose Building, Cleveland 15, Ohio. 
Cable address: Goodchemco. 





GEON RESINS e GOOD-RITE PLASTICIZERS . . . the ideal team to. make products easier, better and more saleable. 
GEON polyvinyl materials e HYCAR American rubber e GOOD-RITE chemicals and plasticizers 
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Feature Article 
Reprints 


As a service to readers who wish to re- 
tain ELECTRICAL MANUFACTURING 
articles in their files, selected feature 
articles from each issue are reprinted in 
complete form, and announced on this 
page as soon as available. Quantities are 
limited and after the initial supply for 
any title is distributed no more requests 


can be filled. 
How to Obtain Reprints 


Readers may secure single copies of 
any new or previously announced title 
still available, by using the Reader 
Inquiry Facility on page 169 in this 
issue. Note that each reprint described 
below carries a key number. For con- 
venience this number is repeated in the 
reprint subject list in the Reader Inquiry 
Facility; circle this number on the return 
card to receive a copy of any of the fol- 
lowing reprints. 


New Reprints Now Available 


Four articles appearing in the Decem- 
ber issue are now ready for distribution. 
The three-part article, “Electric Drives 
with Speed Control,” will be prepared 
as a combined reprint shortly after pub- 
lication of the final part in the next issue. 


Since quantities are limited, requests for 
the following new reprints should be 
made promptly. 


Remote Bulb Elec- 
tric Temperature 
Controller with Pro- 
bortioning action. 


Remote Bulb Elec- 
tric Temperature 
Controller with Mer- 
cury Switch action. 


| 
‘TT heumade of these handy, economical, maintenance-free controllers 
are giving long and uninterrupted service. Design engineers are find- 
ing their applications are practically limitless. 
Two types of electric control are available: mercury switch with 
S.P.S.T., S.P.D.T. and 2 P.S.T. action ...and proportional type with 


standard, unison or sequence action with variety of differentials. Both 
types available in ranges between —50° and 700°F. 


Measuring system for both controllers is of vapor tension bellows- 
operated type. Depending on the unit, control is actuated either by 
Honeywell Mercury Switch or by one or more Honeywell 135 ohm 
potentiometer type resistors. 

Accuracy, dependability, compactness and rugged construction recom- 
mend these controllers for easy, low-cost installation . .. minimum 
maintenance. 

You will want Catalog 8303 for your files . . . send for it today. For 
a discussion of possible applications, call your local Honeywell engi- 
neer ... he is as near as your phone. 

MINNEAPOLIS-HONEYWELL REGULATOR CO., Industrial Division, 4466 
Wayne Ave., Philadelphia 44, Pa. Offices in more than 80 principal 
cities of the United States, Canada and throughout the world. 


Tita) 


Design Limitations for Ceramic Parts, 
December 1950, 8 pages. Methods of 
fabrication and their effect on toler- 
ances, general design specifications. 
(137) 

What About Electrets, December 1950, 
8 pages. An outline and discussion of 
research and development to date, with 
an annotated bibliography. (138) 


Performance of Magnetic Devices Used 
in A-C Control Circuits, December 
1950, 8 pages. Operating characteris- 
tics as affected by voltage, frequency, 
stroke and force. (139) 

Design Ideas From Abroad, December 
1950, 8 pages. Survey shows many 
ingenious and advanced designs in re- 
cent European developments. (140) 


Reprints From Earlier Issues 


Reprints of some feature articles from 
earlier issues of ELECTRICAL MANU- 
FACTURING aare still available. Single 
copies of the following titles will be sup- 
plied through the Reader Inquiry Facility 
as long as the supply lasts. 


Teaming Up With the Defense Agencies, 
Oct. 1950, 8 p. Who handles what and 
how in the different categories of the 
defense organization. (136) 

Mechanical and Electrical Factors in 
Servomechanism Design, Nov. 1950, 8 
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106 2 MESTIK SAP SHik 


For hard-to-label spots on hard-to-label surfaces a Mystik 
Self-Stik LABEL is the answer. Save time, speed produc- 
tion, cut costs with this fast, modern method for hand 
labeling. No moisture... just press on. Flexible, high 
stretch for complex surfaces. Water and moisture resistant 
... washable. Resistant to scuffing and delamination. Can 
be beautifully printed in all colors, die-cut to all shapes 
and sizes. Send us your label problems for a Mystik 
answer. Chicago Show Printing Co., 2628 N. Kildare, 
Chicago 39; 400 Madison Ave., New York. 


Tae 


Identify and price parts Aluminum foil label Trade mark label for Informative label for 
with MYSTIK Labels, for furniture product. vacuum ware, plastic table top. 
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p. Factors affecting dynamic perform- 
ance that are often overlooked. (135) 


Machine Tool Electrical Standards, Nov. 
1950, 12 p. Complete text of revised 
NMTBA Standards combined with 
J.I1.C. Standards. (134) 


Practical Factors in Applying Organic 
Finishes, Nov. 1950, 8 p. Paint and 
varnish technology, quality control 
and application methods. (133) 


Fundamental Approach to Color in De- 
sign, Oct., Nov. 1950, 12 p. Science of 
color, working color systems; specifica- 
tion, control and tolerances for func- 
tional and styling purposes. (182) 


How to Extend the Life of Electron 
Tubes, Nov. 1950, 8 p. Circuit design 
to cushion shocks; marginal checking. 
operating practice. (131) 


Testing Coils for Shorted Turns, Nov 
1950, 4 p. Production high-voltage test 
detects single-turn shorts. (130) 


Safeguards for Safety in Electrical Prod- 
uct Design, Oct. 1950, 12 p. Where. 
why and what safeguards are required. 


(129) 


Timing, Counting, Selecting Circuits from 
Elevator Practice, Sept. 1950, 8 p. 
Basic circuits useful in solving auto- 
matic control problems. (128) 


Speed-Torque Curves on an Oscilloscope, 
Sept. 1950, 4 p. Complete curve traced 
during motor acceleration from stand- 


still to full speed. (127) 


Fluorocarbon Resins Appraised, Aug., 
Sept. 1950, 20 p. Properties and appli- 
cations for high-temperature | stable, 
nonreactive materials with high dielec- 


tric value. (126) 


12 Ways of Reversing Capacitor-Start 
Motors, Aug. 1950, 8 p. Wiring dia- 
grams and operating characteristics for 
rapid-reversal and instant-reversal cir- 


cuits. (125) 


Printing Press Speed Control with Mag- 
netic Amplifier, Aug. 1950, 4 p. For 
shunt-wound d-c motors operated from 
ignitron rectifiers. (124) 


Cold-Rolled Electrical Strip for Rotating 
Equipment, Aug. 1950, 8 p. Continu- 
ous strip material gives longer die life 
and faster production. (123) 


What is a “50 C” Motor? July 1950, 8 p. 
Motor temperature ratings in terms of 
“hottest spot” temperatures for various 
classes of insulation. (122) 


Silicone Rubber as a Dielectric Material, 
June 1950, 8 p. New insulating mate- 
rial with thermal stability and flexibil- 
ity at very low temperatures. (121) 


Beryllium Copper at Critical Points, June 
1950, 8 p. Service-free performance at 
lowest cost obtained in IBM machine 
parts. (120) 


Matching Solenoid Characteristics to 
Load, June 1950, 8 p. Increasing effi- 
ciency and reliability; nine suggestions 
for correct selection and application. 
(119) 

Application of Low-Loss Plastics, Aug. 


(Continued on page 174) 
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ons Our six plants produce sleeve 
on. bearings in all designs and sizes, 
cast bronze bushings, rolled" 
split-type bushings, bi- metallic 


Since 1 899 













ug. tolled bushings, washers, spacer 
tubes, precision bronze parts 
and bronze bars. 
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(Continued from page 168) 
1950, 8 p. Design significance of di- 
electric properties. (118) 


Relay Circuit Ideas Taken from Tele- 
phone Practice, May 1950, 8 p. Se- 
quence, time delay, pulsing and steer- 
ing circuits adaptable to control fune- 
tions. (117) 

Ceramics as Insulators and Dielectrics, 
May 1950, 12 p. Mechanical strength, 
heat shock, moisture, relative cost and 
other factors that determine best type 
to use. (116) 


New Single-Phase Motors in I hp Reat- 


STABILITY in Use ings, April, May 1950, 16 p. Operating 
characteristics for capacitor types with 


UNIFORMITY of Hole Size ratings up to 20 hp. (115) 
WORKABILITY in Manufacturing Processes Dimensions Measured Photoelectricaily, 
DIVERSITY of Applications to Research and Production April 1950, 4 p. Precise measurements 


obtained by electronic chronoscope 
controlled by light beam. (114) 
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LEKTROME 


THE UNIQUE SOLID-METAL SCRE 


Distinguished for its 


Electro-deposited in pure “es yo Progress in Synthetic Mica, Mar. 1950, 
nickel, or nickel-on-co r—in regular sane ae ts 8 p. Status of coordinated research 
° . I . 
commercial production with counts from THE C. 0. aimed at large-scale production. (113) 


25 to 400 per inch—in lengths up to 100 J ELLI 3a 
, Pago St dees tions, Mar. 1950, 8 p. How the fune- 
eet and widths up to MANUFACTURING tions of photoelectric control and many 


tolerances on hole size and thickness suit- vache sgleaptul others con be pecformed. (118) 
ag s : 5 

able for the most critical uses—LEKTRO- 

MESH is ideal for precise filtration, for 

fabricated products such as fuel filters and 

ic shields. For full details let us 
eee . H “ ‘, Stainless Steel Cuts Costs, Feb. 1950, 8 
send our Bulletin on LEKTROMESH. © WIRE CLOTH eMSTRAINE ss: Heenetien’ idk Bik vesies adh sau 


Address Department 25. tions in electrical equipment and ap- 
pliances. (110) 


How Small Can a Motor Get, Jan. 1950, 
for GYROS, COMPUTERS 4 p. Efficiency, iron and copper losses; 


improvements in materials and manv- 


RESOLVERS, MOTORS, facturing methods. (109) 


IS 2 4) Eee ern Research Developments in Dielectric Ma- 
terials, Jan. 1950, 12 p. High tempera- 
ture materials dominate conference on 


Electrical Insulation. (108) 


V-Belt Drives for Adjustable Speeds, Jan. 
1950, 8 p. Advantages and limitations 
of available types for designed-in use. 


(107) 


Incompatible Standards, Dec. 1949, 4 p. 
How lack of standards affects designing 
products for a world market; progress 


being made. (106) 


gunnce pROstTS Assembly Savings Through Fastening 

o sre g FRICTION Analysis, Dec. 1949, 8 p. Case histories 

wii Mize of electrical products showing cost 
savings. (105) 


Practical Factors in Applying Insulating 

Varnishes, Dec. 1949, 12 p. Import- 

° : ance of c i é icati nd 
clusive manufacturing ance of compounding, application a 


technique that results in testing. (104) 

precision concentricity, Electrical Count Control Devices, Nov. 

higher dielectric strength, 1949, Jan. 1950, 8 p. Types for de- 

longer life. signed-in use giving positive control 
of operations. (103) 


Uniformly High Performance in ELECTRO TEC ve a. oe Nag aaa 
nats pr. 1949, . Marke lec 
——_ - eee bes moment CoO RPORATI O N and communication equipment. (102) 


in wide adoption by most leading 
manufacturers of precision equipment. a ag Electrical Insulation — Navy’s Program 


Microwaves Offer New Control Fune- 


DIPPING BAS«& 
a¥IM aINV) 


Selection Chart for Plastics Materials, 
Feb. 1950, 4 p. Properties, costs and 
fabricating methods for 24 useful ma- 
terials. (111) 


FILTERS eo 


44 HSIW 2BIM 


Electro Tec Miniature Slip 
Rings and Commutators 
are the product of an ex- 


For complete details or engineering Mov Teer. (20 9 svel- 
i ; es Ahead, Nov. 1948, 12 p. Deve 
er ee opments in glass-silicone and other 


«+ PRECISION CRAFTSMANSHIP arc-resistant laminates. (101) 


ELECTRICAL MANUFACTURING 





ials, 
and 
ma- 


Jan. 
ions 
use. 


4 p. 
ning 
TESS 


ning 
ores 
cost 


ting 
rort- 
and 


Nov. 
de- 


ntrol 


Mar., 
rical 


102) 


zram 
ovel- 
ther 


RING 


Farid 


REINFORCED LAMINATE 
For Gears and Mechanical Parts 


ee 
IN ALL’ DIRECTIONS 


Plus... Smooth Mechanical Finish... Good Electrical Properties 


Its reinforcement is different! ... that’s 
why this new material provides such a 
unique combination of properties. 


Instead of woven fabric, new INSU- 
ROK T-815 is reinforced with unwoven 
cotton fibres, random-laid in the form of 
a mat. Thus, it exhibits high uniform 
strength—in the main direction, cross 
direction, and all intermediate angles! 
This property is valuable in gears and 


other mechanical components, where 
teeth or other sections must have equal 
strength. 


But Grade T-815 has more than uni- 
form strength. Its electrical properties 
are good, and it machines well to smooth, 
clean surfaces, with finish and texture 
superior to any cotton fabric-base lami- 
nate made. Furthermore, T-815 can be 
punched—hot or cold, depending upon 


* All directions in the plane of the sheet 


jhe RICHARDSON COMPANY 


FOUNDED 1858—LOCKLAND, OHIO 


SALES OFFICES: CLEVELAND e 


the thickness—making it valuable for thin 
electrical parts requiring high strength. 


Investigate new INSUROK T-815 for 
your product, today. 


DETROIT 


INDIANAPOLIS ¢ LOCKLAND, OHIO ¢ MILWAUKEE 


2799 Lake St., Melrose Park, Illinois (Chicago District) 
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NEW BRUNSWICK, (N. J.) @ 
PHILADELPHIA ¢ 


NEW YORK 
ROCHESTER e ST. LOUIS 





MEN in 
INDUSTRY 


Ralph J. Cordiner is now president of 
General Electric Co., Schenectady, N. Y., 
succeeding Charles E. Wilson who has 
resigned to become director of the new 


No. 47—Product of 
Therm-0-Dise, Inc. 
Mansfield, Ohio 


Makes 
THERM-0-DISC 


Controls 
COMPACT+ CONVENIENT: DEPENDABLE 


Therm-O-Disc Type RC and RA preset controls are actuated by 
a 1%” snap acting disc of Chace Thermostatic Bimetal. Suitable 
for fan motor control, limit control in relay circuits, and control 
and overtemperature protection for resistance loads, they offer 
advantages directly traceable to their use of Chace Thermo- 
static Bimetal as an actuating element. 


Therm-O-Disc controls are 

@ COMPACT... The complete unit fits in the palm of your hand; 
makes Therm-O-Disc a practical protection package. The 
small space required by the Chace Bimetal actuating element 
makes this possible. 


CONVENIENT ... U/L lists them for use where proper terminal 
enclosure is provided when assembled into the device they con- 
trol or protect. This eliminates further testing of the control or 
thermostat when used on products requiring U/L approval... 
means savings for original equipment manufacturers. 


DEPENDABLE . . . The sure snap action of the Chace Thermo- 
static Bimetal actuating element gives the rapid response re- 
quired in thermostatic controls . . . and Therm-O-Disc knows 
that each control they produce will furnish this rapid response. 
Constant rigid quality control during the manufacture of Chace 
Bimetal justifies this confidence. 


Chace Thermostatic Bimetal is available in strips, coils, random 
lengths, finished parts or sub-assemblies ready for installation 
in your product. If your product controls, indicates or responds 
to changes in temperature . . . its actuating element should be 
Chace Thermostatic ‘Bimetal! The Chace Application Engineer 
can help in determining your bimetal requirements. We invite 
you to take advantage of his experience. 


W. M. CHACE CO. 
Thermostatic Bimetal 


1608 BEARD AVE., DETROIT 9, MICH. 


Ralph J. Cordiner 


government Office of Defense Mobiliza- 
tion. Mr. Cordiner has been with the 
company for 24 years and during that 
time has been a division manager of Gen- 
eral Electric Appliance Co., manager of 


the Heating Device Section, manager of 
the Appliance and Merchandise Div., as- 
sistant to the president, vice president, 
and most recently, executive vice presi- 
dent. 


F. C. Cahill, supervisor of the Receiver 
Section, Airborne Instruments Labora- 
tory, Mineola, N. Y., has been named 
supervising engineer of a combined engi- 
neering group to be known as the Radar 
Section. Richard N. Close, Matthew T. 
Lebenbaum and William R. Rambo are 
now assistant supervisors of the Section. 


Lester W. Calkins, Herman Epstein 
and Frank M. Virgadamo have joined the 
staff of the Research Div., Burroughs 
Adding Machine Co., Philadelphia, as 
associate research engineers in the Spe- 
cial Devices Dept. 


Charles H. Eisenhardt is now manager 
of the Electrical Products Sales Div., 
American Steel & Wire Co., Cleveland. 
Mr. Eisenhardt succeeds T. F. Peterson 
who resigned. 


Harry L. Emerson has been appointed 
vice president in charge of manufactur- 
ing of the Rockford Clutch Div., Borg- 
Warner Corp., Chicago. 


W. K. Fleming is chief engineer of 
Douglas Randall Inc., Westerly, R. L., a 


newly organized coil-winding company. 


Harold A. Goldsmith, Herbert Herz 
and Dr. Andrew A. Sterk are director of 
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Electrical insulators 


Form Your Plans Now with 
POSTFORMED Plastic Laminates. . 


. Postformed plastic laminates made with BAKELITE Phenolic Resins— 
in both decorative and industrial types—are bringing economies and 
functional improvements to thousands of products and product parts. 
Industries they have helped include aircraft, automotive, textile, 
transportation, communications, and furniture. 

Light in weight and inexpensive to fabricate, they are readily machined 
by standard methods. Depending on the types of laminates and their 
thicknesses, they can be formed to small radii. Once formed, these 
materials strongly resist denting. They have the mechanical strength to 
withstand vibration and rough handling. In electrical equipment, they 
provide electrical resistance. By combining mechanical and electrical 
functions, postformed laminates often eliminate costly assembly operations. 

Shaped into single-unit counter tops and backs for kitchen cabinets 
and sinks, they overcome the problem of unsealed cracks that harbor 
dirt and moisture. Postformed corner panels in railroad cars promote 
safety and are easy to clean. There are hundreds upon hundreds 
of applications where postformed BAKELITE Phenolic plastic laminates 
have stepped up production and cut costs while upgrading products. 

Why not let us show how they can serve you? Write Dept. BM-20. 


Illustrations courtesy of Formica Company. 


Railroad car interiors 


WHAT ARE POSTFORMED LAMINATES? 

Selected paper stocks, fabrics, or fibrous materials are akelite 
impregnated with BAKELITE Phenolic Resin Varnishes. 

By means of heat and pressure they are converted into eT 

rigid, homogeneous, thermoset laminated sheets. These 

sheets have sufficient residual elasticity so that they can 


be postformed by reheating until they become pliable, LAMINATING VARNISHES 
after which they are drawn or bent over simple jigs and 
fixtures. Upon cooling they permanently harden into the BAKELITE DIVISION 


new shapes. Union Carbide and Carbon Corporation 
30 East 42nd Street, New York 17, N.Y. 


JANUARY 1951 





ANGELS, 4 


DOES THE WORK OF 
UNITS MANY TIMES 
ITS SIZE 


Pre 


ANGLgear standardized right an- 
gle bevel gear units have a capacity 
of units many times their size and 
weight. For all their compactness, 
they have been doing a big job in 
hundreds of industrial applications, 
delivering trouble-free perform- 


ance for long periods of time. 


ANGLgear units are suitable for 
manual or power-operated systems 
and are available in 1:1 or 2:1 
ratio. Two basic models—1/3 hp 
or 1 hp at 1,800 rpm, having two 


or three shaft extensions. 


CHECK THESE FEATURES... 


Hardened gears 

Antifriction bearings 

Flanged end mountings 
Three-bolt side mounting 
Internal pilot on mounting ends 
Lubricated for life 


SOLD THROUGH LEADING DIS- 
TRIBUTORS THE COUNTRY OVER 


Capon — 


Note our 1414 Chestnut Avenue, 
new address Hillside 5, New Jersey 
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research, chief engineer and technicat di- 
rector, respectively, of Magnetic Ampli- 
fiers, Inc., Long Island City, N. Y. The 
newly organized company manufactures a 
standard line of magnetic amplifiers, 
saturable reactors, special transformers 
and other related devices for servo- 
mechanisms, computors, regulators and 
recorders. 


Dr. John C. R. Kelly, Jr., Martin F. 
Quaely, Dr. Robert B. Windsor and 
Robert Archer are now on the research 
staff of the Lamp Div., Westinghouse 
Electric Corp., Bloomfield, N. J. 


Dr. Edward M. Pritchard, formerly 
chief engineer for Fisher-Pierce Co., and 
previously chief applications engineer 
for Sigma Instruments Co., is now chief 
electrical engineer of Control Engineer- 
ing Corp., Canton, Mass. Dr. Pritchard 
will assume complete charge of all elec- 
trical development and research work, as 
well as evaluation of commercial products 
under development. 


Edwin Lockwood has been appointed 
chief engineer of Price Electric Corp., 
Frederick, Md. Formerly, Mr. Lockwood 


was senior research engineer of Electro- 


Edwin Lockwood 


Research, Inc., Ridgefield, 
Conn. He was also a section engineer 
with Westinghouse Electric Corp. for 19 
years. 


Walter K. Grant has been appointed 


| chief electrical engineer of Rolling Mill 
| and Special Equipment Div., Continental 


Foundry and Machine Co., Pittsburgh. 


Joseph P. Spalding is now on the staff 
of the Ordnance Development Div., Na- 


' tional Bureau of Standards, Washington. 


James A. St. Louis succeeds the late 
Percy J. Johnson as manager of the 
Cuyahoga Lamp Works, General Electric 
Co., Nela Park, Cleveland. 


Ted Kwap, Walter Zimny and Alfred 
Ossoff have been added to the laboratory 
staff of Franklin Airloop Corp., Long 
Island City, N. Y., to assist in the TV 
stamped-circuit development program. 


Otis C. Wyatt, Jr., formerly refrigera- 
tion engineer with General Electric Co., 


| 
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New 


Reprints 
Available 


e Four articles featured in Decem- 
ber ELECTRICAL MANUFACTURING are 
now ready for distribution as sepa- 
rately bound reprints. File copies are 
available through the new Reader In- 
quiry Facility provided on pages 169- 
172 of this issue. Note that each re- 
print, as listed below, carries a sepa- 
rate key number to be circled on the 
handy postcard. 


Design Limitations for Ceramic Parts 
8 pages. Methods of fabrication and 
their effect on tolerances, general 
design specifications. (137) 


What About Electrets? 


8 pages. An outline and discussion 
of research and development to 
date, with an annotated _bibliog- 


raphy. (138) 


Performance of Magnetic Devices Used 
in A-C Control Circuits 


8 pages. Operating characteristics 
as affected by voltage, frequency, 
stroke and force. (139) 


Design Ideas From Abroad 


8 pages. Survey shows many ingen- 
ious and advanced designs in recent 
European developments. (140) 


For titles of available reprints from 
earlier issues, see page 166. 
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CALROD’ HEATERS 


“Simplest, easiest, and most reliable way 


to build heat into your product,” 


says Morrison Machine Co. 


~ 


This Morrison machine, built with G-E Calrod car- 
tridge heaters, accurately shrinks the fabric in warp 
and weft. Temperatures, controlled by thermostats, 
are varied according to the fabric being shrunk. 


LIKE THE MORRISON MACHINE CO., designers and 
builders of textile machinery, you may find that the 
simplest, easiest, and most reliable way to build heat 
into your product is with G-E Calrod heaters—tubular, 
cartridge, strip or fin. 

The Morrison Co., faced with the problem of build- 
ing intense, controllable heat into machines for shrink- 
ing textiles as they roll at high speed off the looms, 
picked G-E Calrod heaters. Here’s why— 

1. Use of G-E Calrod heaters cut machine manufactur- 
ing costs—workmen need only insert the heaters in 
the heating shoes and connect the leads. 

2. Use of G-E Calrod heaters increases customer accept- 
ance and satisfaction because the heaters are reliable 
and easy to operate. 

The trademark, ‘‘Calrod,’’ famous for 24 years, is a 
guarantee to customers that these heaters are designed 
to stand up under ‘round-the-clock schedules. Custom- 
ers Can get maximum use of machinery and maximum 
output. 

The heaters are easily controlled by thermostats, 
which can be set for the desired temperature up to 750 F. 


* Registered Trademark of General Electric Co, 


GENERAL 
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Only a few minutes are required to insert the 
cartridge heaters into the heating shoes, connect 
the leads, and fit the shoes over the blanketed 
cylinders of the shrinking machine. ee 


Before You Design your equipment for repetitive 
manufacture, get together with the G-E heating spe- 
cialist in your nearest G-E office. He'll be glad to help 
solve your heating problems by selecting from our 
stock of heaters available in a wide range of standard 
sizes, ratings, and sheath materials. 


NEW. FREE CATALOG 


Write us on your letterhead for Bulletin GEC-1005A. 
And, if you'll also tell us about your heating problems, 
we'll send you application bulletins to help you select 
and correctly apply the right heaters to give you heat 
where you want it... when you want it...and in the 
amount you want it. Section 720-29, Apparatus Dept., 
General Electric Co., Schenectady 5, I. Y. 


ED 
EQUIPE ¢ NEW SELLING AID 
B ELECTAI 


GENERAL These labels, with a gummed 
Sw UEATER 
iLRoD_H 


back to enable you to place 
CA ; 
them on your machinery, 


are now available. 


ELECTRIC 


720-29 





Low in Cost — Small in Size —- Dependable 
in Performance — AC or DC 


For industrial 
smoke detectors 


SOSH SSHSHHEEESHEHEESEEEHH HEHE SEEEEHESEEEEOOED 


For television 
screen enlargers 


Seeeeeeeeeeeeeeeece 


For photoelectric 


street lighting control 
Seeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 


jet circraft 


preheaters 


LE For radio 
transmitter panels 


SSH HSHSHESHESEHSESEEESES HEHEHE EEEEOEEES 


) For auxiliary 
gas engine 
generators 


For automatic 
furnaces 


N ADDITION R-B-M General 

Purpose Relays are used on 
X-Ray apparatus, permanent 
wave machines, wire record- 
ers, automotive radio tele- 
phone communication equip- 
ment, vending machines, coin 
operated phonographs and 
many other applications. 


What is your relay problem? 
Write Dept. A-1 today for Bulletin 570 
R-B-M DIVISION ESSEX WIRE CORP. 


Logansport, Indiana 
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FOR AUTOMOTIVE INDUSTRIAL, COMMUNICATION AND ELECTRONIC USE 


has been placed in charge of Refrigera- 
tion System Layout of Tenney Engineer- 
ing, Inc., Newark, N. J. Frank Gardner 
has been appointed assistant to J. P, 
McCormack of the Design Dept. S. H. 
Press and S. B. Sternbach have been 
added to engineering staff as special de- 
sign engineers. 


T. Gilman Reid, Jr. has been appointed 
chief of the Electronics Div., National 
Bureau of Standards, Washington, D. C, 
For the present Mr. Reid will continue 
to act in his former capacity as chief 
of the Engineering Electronics Section 
as well as division chief. 


Frederick A. Rose has joined Porcelain 
Products, Inc., Parkersburg, W. Va., as 
manager of manufacturing. 


Howard Holmes has been appointed 
general manager of development engi- 
neering and sales of Simmonds Aeroces- 
sories, Inc., Tarrytown, N. Y. 


Murray Tribbett has been appointed 
chief engineer of the Hydraulic Press 
Div., The French Oil Mill Machinery 
Co., Piqua, Ohio. 


Herbert J. Werner has joined Colum- 
bia Machinery and Engineering Corp., 
Hamilton, Ohio, as chief engineer of the 
Mechanical Press Div. Mr. Werner has 
been with Clearing Machine Corp., E. W. 
Bliss Co., and Marquette Tool and Manu- 
facturing Co. 


COMPANY BRIEFS 


Standard Coil Products Co., Inc., Chi- 
cago and Los Angeles, has acquired the 
Kollsman Instrument Div., Square D 
Co., Elmhurst, N. Y. The business will 
continue to be operated with the same 
personnel and in the same plants. 


The Baldwin Locomotive Works, Eddy- 
stone, Pa., has purchased and acquired 
substantially all of the Lima-Hamilton 
Corp., Hamilton, Ohio, assets in exchange 
for shares of Baldwin common. stock. 
Name of The Baldwin Locomotive Works 
has been changed to Baldwin-Lima- 
Hamilton Corp. 


Massa Laboratories, Inc., formerly of 
Cleveland, has opened a new laboratory 
and manufacturing plant on a 2-acre site 
in Hingham, Mass., for the development 
and production of electro-acoustic appa- 
ratus, 


Lansdale Tube Co., a subsidiary of 
Philco Corp. in Lansdale, Pa., has pur- 
chased a site at Frederick, Md., for a new 
110,000-sq ft plant for the manufacture 
of electron tubes. 


Ward Leonard Electric Co., Mt. 
Vernon, N. Y., has established a new 
Industrial Chrome Div. for the develop- 
ment and manufacture of chrome-plating 
units, solutions and processes. Exclusive 
license for the manufacture and sale of 
chrome-plating solution and plating unit 
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The American Lava Corporation has 
one of the best equipped Research Divisions 
in the industry. The American Lava Staff has 
graduate engineers from all leading engi- 
neering schools. Ceramic, electrical and me- 
chanical engineers are preponderant but 
every engineering degree currently being 
awarded by U. S. Engineering Schools is 
held by one or more men on this staff. 


Almost every month, the Research Di- 
vision successfully completes the develop- 
ment of a new AIlSiMag composition to 
comply with special requirements. These de- 
velopments are in close cooperation with 
the customer. When requested, all details 
are kept confidential. 


Continuous operation of kilns at 12 
different temperatures, at temperatures 
ranging from 1400° F. to above 3000° F., 
permits the firing of each AlSiMag compo- 
sition at its optimum temperature. 


TRADE MARK REGISTERED US. PATENT OFFICE 


At American Lava Corporation, you are most apt to find the answer 
to any question involving technical ceramics. American Lava Corpo- 
ration is composed of MEN who give intelligent, sympathetic consid- 
eration to customer problems—backed by specialized. experience 
gained in 49 years of concentrating entirely on custom made technical 
ceramics. The knowledge of these men is available to you on request. 
If requested, all customers’ information is kept strictly confidential. 


AMERICAN LAVA CORPORATION 


49TU VAR OF CHEAMLSD TER PCE set 
CHATTANOOGA 5, TENNESSEE 


OFFICES: METROPOLITAN AREA: 671 Brood St., Newark, N. J., Mitchell 2-8159 © CHICAGO, 228 North LaSalle St., Central 6-1721 
PHILADELPHIA, 1649 North Broad St., Stevenson 4-2823 * LOS ANGELES, 232 South Hill St., Mutuel 9076 
NEW ENGLAND, 38-8 Brattle S$t., Cambridge, Mass., Kirkland 7-4498 ¢ ST, LOUIS, 1123 Woshington Ave., Garfield 4959 





This tough, Well-Cast 
magnesium portable tool 
part is typical of how 
light you can fake your 
product. It weighs only 

a few ounces. 


Want to lose some weight? 


40 years’ experience 


ALUMINUM AND MAGNESIUM SAND, SEMI-PERMANENT AND PERMANENT 
MOLD CASTINGS, WELL-MADE WOOD AND METAL PATTERNS. 


THE WELLMAN BRONZE & ALUMINUM CO. 


2533 EAST 93rd STREET e CLEVELAND, OHIO 


182 





used in process was obtained from 
Chromecraft Corp., Chicago. William G, 
Dawson has been appointed manager of 
the Division. 


Western Electric Co., Inc., New York, 
has recently placed a new 20-acre plant 
in operation at Indianapolis, Ind., for the 
manufacture of telephone sets. 


Thompson Products, Inc., Cleveland, 
maker of parts for the automotive and 
aircraft industry, has an exclusive license 
with Designers for Industry, Inc., for the 
development, sales and service of coaxial 
switches. Thompson Products is estab- 
lishing an Electronics Div. 


Sintercast Corporation of America has 
moved its office, laboratories and produc- 
tion facilities to larger quarters at 134 
Woodworth Ave., Yonkers, N. Y.  Re- 
cently Sintercast acquired the business 
and equipment of Wright Carbide Co., 
East Orange, N. J. 


Simpson Electric Co., Chicago, has 
leased a 31,000-sq ft plant at 932 Benton 
St., Aurora, Ill., for the production of 
panel instruments and test equipment. 


Servo-Tek Products Co. Inc., Paterson, 
N. J., has completed a new two-story 
addition to its plant, providing a 60 per 
cent increase in floor area. 


P. R. Mallory & Co., Inc., Indianapolis, 
Ind., has purchased Plastic Molders, Inc., 
Chicago. The name will be changed to 
P. R. Mallory Plastics, Inc., but facilities 
and operating personnel will remain 
unchanged. 


Admiral Corp., Chicago, has purchased 
and converted the former Midwest Manu- 
facturing Co. plant in Galesburg, IIl., into 
a refrigerator plant. Total floor area of 
plant is 365,000 sq ft. 


Clapp Instrument Co., Webster, Mass., 
has changed its name to Acragage Co., 
and moved to new quarters at Wampus 
Lane, Milford. Conn. 


Powdered Metal Products Corporation 
of America, Franklin Park, Ill., is going 
to construct an addition to the Belmont 
Avenue plant which will double present 
production capacity. 


Acme Steel Co., Chicago, has_ re- 
cently created a Fastener Dept. for the 
development of manufactured steel-spe- 
cialty items used for fastening and 
tacking. 


Climax Metal Products Co. is the new 
name for The Climax Flexible Coupling 
Co., Cleveland. 


Exmet Electrical Corp., New York, has 


consolidated its office and factory at 58 
Marbledale Rd., Tuckahoe, N. Y. 


Illinois Electric Porcelain Co., Macomb, 
Ill., has appointed representatives on the 
west coast: F. M. Nicholas, 140 Spear 
St., San Francisco 5, Calif., will be 
northern California and western Nevada 
representative; and Kenneth Anderson 
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1621—Glass was money! America’s 
first glass factory was actually a mint 





2 1827—Blown glass was the rule until 3 1299_owens invented a machine to 
Enoch Robinson, a carpenter, figured make bottles as the machine age 


/ 


. —not for the manufacture of coins but to glass could be pressed into shape ... the arrived in glass. By 1915, Howell “Red 
make glass beads for use as money when glass pressing machine was born. Electricity Band” Motors were making important 
“ buying land, food and furs from the Indians. to power new machines was still to come. contributions to this and other industries 


ANOTHER HOWELL SUCCESS STORY 


GLASS... from artisans to automatic machines 
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Today—Modern, electrically 
driven machines have im- 
proved quality, cut costs and 
increased output in the glass 
making industry. For example, 
this unique glass beveling ma- 
chine, equipped with 7 dynam- 
ically balanced Howell Motors, 
automatically bevels glass at the 
rate of 2,000 inches per hour! 


You'll also find precision-built 
Howell Industrial Type Motors 
powering bottle and bulb 
machines, conveyors, grinders, 
polishers, plate and window 
machines in the glass industry. | 


Elsewhere, Howell’s wide range 
of standard NEMA motors, and 
special motors designed to cus- 
tomer requirements, serve de- 
pendably and efficiently under 
the toughest conditions. 


For a really profitable invest- 
ment, buy HOWELL! 


ad 
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Free enterprise encourages mass production, supplies more jobs— provides more goods for more people at less cost. 


HOWELL MOTORS 


HOWELL ELECTRIC MOTORS CO., HOWELL, MICH. 
Precision-built Industrial Motors Since 1915 


Howell totally enclosed, fan-cooled 
motor—windings completely sealed 
against dirt and weather. 
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This Bobbin Type Coil is supplied 
to clock makers: Some use 37%, 
others may specify 38% or 404 
wire; Deep wax or lacquer impregna- 
tion; enamel, formex, or nylon wire 
insulations. At Coto, it is usual to 
work to close tolerances. 


COTO-COIL/ 


Builds Toor 


When you need electrical coils, why not 
take advantage of 34 years of experi- 
ence, engineering competence, and mod- 
ern production facilities. Coto coils are 
built for you, to your specifications. 


COTO-COIL 


COMPANY 
coil SPECIALISTS SINCE 1917 


66 Pavilion Avenue, Providence 3, R. |. 


184 


| Co., 412 Seaton St., Los Angeles 13, will 


handle southern California, Arizona and 
southern Nevada. 


Joseph T. Ryerson & Son, Inc. has 
moved its Cincinnati steel-service plant 
and office to a larger building located at 
3475 Spring Grove Ave. 


Veeder-Root Inc., Hartford, Conn., has 
opened a direct factory branch at 1775 
Broadway, New York. 


United States Steel Corporation of 
Delaware, Carnegie-Illinois Steel Corp., 
H. C. Frick Coke Co., and United States 
Coal and Coke Co., wholly owned sub- 
sidiaries of United States Steel Corp., 
have been brought together into a single 
operating company, United States Steel 
Co., with headquarters in Pittsburgh. 


Electronics Dept., General Electric Co., 
Syracuse, N. Y., will reopen its former 
electron tube plant in Utica, N. Y., for 
the manufacture of emergency radio com- 
munications equipment. 


General Register Corp. has moved its 
factory and general offices to 43-01 22nd 
St., Long Island City 1, N. Y. 


Hudson Wire Co., Ossining, N. Y., is 
planning to construct another magnet- 
wire plant in Cassapolis, Mich. 


ASSOCIATIONS 
AND SOCIETIES 


Paul B. Christensen 
Named ASRE President 


At the 46th Annual Meeting of the 
American Society of Refrigerating Engi- 
neers, Paul B. Christensen, vice president 
and chief engineer of Merchants Re- 
frigerating Co., New York, took office as 
president. Other officers and directors 
were also installed. 


Conference on Electrical Insulation 
Elects Officers for 1951 


Dr. A. H. Scott, National Bureau of 
Standards, was elected 1951 chairman 
of the Conference on Electrical Insu- 
lation, National Research Council, at the 
19th Annual Meeting held November 
1-3, Pocono Manor, Pa. Dr. Scott, for- 
merly vice chairman, succeeds C. F. Hill, 
Research Labs., Westinghouse Electric 
Corp. Professor A. R. von Hippel, M. I. 
T. Laboratory for Insulation Research, 
was elected vice chairman, and D. W. 
Kitchin, Simplex Wire & Cable Co., 
Cambridge, Mass., was re-elected secre- 
tary of the Conference. 


Technical Meeting 
On Reinforced Plastics 


The Sixth Annual Technical Session, 


Reinforced Plastics Division, Society of 
the Plastics Industry, will be held Feb- 


| ruary 28, March 1 and 2, Edgewater 


Beach Hotel, Chicago. Discussions of 
various types of glass-reinforced plas- 


| 
| 


Reader 


Inquiry 
Facility 


e@ If whatever appears anywhere in 
this issue, either in the editorial or 
advertising pages, stimulates a desire 


| for additional information, it is only 


necessary for readers to record their 


| interests on any one of the postcards 


on page 171, in the manner sug- 
gested. The publisher will function 
for readers, immediately contacting 


| the sources for the data requested. 


Readers should feel free to make 
legitimate requests for any data 
which they believe will prove help- 
ful to them, expand their knowledge 
or complete their file. They will be 


| expected to limit their requests for 


only that data which is germane to 
their responsibilities and the type of 
projects in which they engage. 


Requests will be processed only if 
the data requested on postcard form 
is complete and legible, also pro- 


| vided the card is posted within sixty 


days after publication of the data. 
Issues are mailed promptly on the 
first of each calendar month. 


lf it should prove impractical to 


'use the card, the editors would be 


pleased to receive letters from 


readers. 
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ony BENDIXOGINTILLA 


ELECTRICAL CONNECTORS 
offer you this 


IMPORTANT, EXCLUSIVE FEATURE... 












* SCINFLEX dielectric material 


is a new development that assures 
' unequalled insert performance. It is 
re iy aay, available only in Bendix-Scintilla 
or a Electrical Connectors. 


.. » PRESSURE TIGHT SOCKET 
* 1 CONTACT ARRANGEMENTS! 








PLUS ALL THESE OTHER FEATURES 


® Moisture-proof 

Radio Quiet 

B single-piece Inserts 
Vibration-proof 

Blight Weight 


ty Outstanding design and fine workmanship, iat deaatetion Qeckionee 
2. combined with materials that will meet every Beasy Assembly and Disassembly 
e requirement, make possible our “pressurized” Fewer Parts than any other Connector 


connectors that include both pin and socket No additional solder required 


arrangements for ALL sizes of contacts. 





fo 
e 
‘ Write our Sales Department for detailed information. 
BENDIX \ 
SCINTILLA ) 
“ 
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tics, including such as described in 
“Polyester-Glass Laminate Motor Parts,” 
page 84 this issue, will be included in 
the program. 


FLE.LOC 


} SELF-LOCKING NUTS 


Motion Picture and Television Society 
Elects Officers; 
Zworykin Awarded Progress Medal 


Peter Mole, president of Mole-Richard- 
son Co., Hollywood, Calif., was elected 
president of the Society of Motion Pic- 
ture and Television Engineers at a meet- 
ing of the Board of Governors which pre- 
ceded the opening of the 68th semi-an- 
nual convention in Lake Placid, N. Y, 
Fred T. Bowditch was elected engineer- 
| ing vice president. 

Vladimir kK. Zworykin, whose basic re- 
search and developments have made tele- 
| vision a present-day reality, was award- 
ed the 1950 Progress Medal. Dr. Zwory- 
kin is vice president and technical con- 


CALENDAR OF MEETINGS 
Jan. 10-12—2nd Annual High Fre- 


quency Measurements Conference 
sponsored by the AIEE, IRE and 
National Bureau of Standards, De- 


partment of Interior Auditorium, 
Washington, D. C. 















(Part of a letter from a Connecticut distributor. ) 

Jan. 18-20—Seventh Annual Na- 
tional Technical Conference, Soci- 
ety of Plastics Engineers, Inc., 
Hotel Statler, New York. 





Jan. 22-25—57th Annual Meeting 
of the American Society of Heating 
& Ventilating Engineers, Philadel- 
phia, Pa. 


--- simplify assembly 












You can readily see why problems; resilient, automatic 
FLEXLOCs simplify assembly locking sections, processed by 
when you read the above ex- our patented method to make 
cerpt from our distributor's let- possible FLEXLOCs’ closely con- 
ter. From comments like this we _trolled torques; PLUS the fact 
feel sure there must be hundreds _ that the most chattering vibra- 
of similar cases where FLEXLOC ition won't loosen FLEXLOCs, 
Self-Locking Nuts can be used even after many applications. 
to advantage. 


Jan, 22-26—Winter General Meet- 
ing of the AIEE, Hotel Statler, 
New York. 




















Jan. 22-26—10th International 
Heating and Ventilating Exposition 
held under the auspices of the 
American Society of Heating and 
Ventilating Engineers, Commercial 
Museum, Philadelphia. 



















Why not convince yourself 
FLEXLOCs offer these features: with actual samples? Tell us 
one-piece, all-metal construction what size you want and you'll 
—nothing to work loose or for- _ receive them promptly, together 
get, no serious temperature with our latest literature. 














Feb. 28—1951 Annual Meeting, 
Inter-Society Color Council, Ward- 
man Park Hotel, Washington, D. C. 














Feb. 28-Mar. 1-2—Sixth Annual 
Technical Session, Reinforced 
Plastics Div., Society of the Plas- 
tics Industry, Edgewater Beach 
Hotel, Chicago. 



















Mar. 5-9—ASTM Spring Meeting 
and Committee Week, Cincinnati, 
Ohio. 


 & 


FLEXLOC Self-Locking Nut, FLEXLOC Self-Locking FLEXLOC Self-Locking Nut, 
““regular’’ type. Nut, ‘“‘thin’’ type. external wrenching type. 





Mar. 13-16—1951 Conference and 
Exhibition of the National Associa- 
tion of Corrosion Engineers, Hotel 
Statler, New York. 















Mar. 15-17—1951 Annual Meeting 
of the American Society of Tool 
Engineers, Hotel New Yorker, New 


York. 






okBs% STANDARD PRESSED STEEL CO. 
JENKINTOWN 9, PENNSYLVANIA 
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More? 


CLEVELITE* and COSMALITE* 
LAMINATED PHENOLIC TUBING 


meets the most exacting specifications. 










Ideal for precision requirements of the 
finest manufacture, at low cost, quan- 
tity prices. 





.»»»COSMALITE.. 
There is A GRADE FOR EVERY NEED 


CLEVELITE COSMALITE 





Grade E ...... Improved post cure fabrication and stapling. Grade SP .. Post cure fabrication and stapling. 

Grade EX _ Special grade for TV deflection yoke sleeve. Grade SS General purpose. 

Grade EE Improved general purpose. Grade SSP General purpose—punching grade. 

Grade EEX Superior electrical and moisture absorption prop- Grade SLF . Thin wall tubing—high dielectric and compression 
erties. strength. 

Grade EEE Critical electrical and high voltage applications. 


; eas Your inquiry will receive immediate attention. 
Grade XAX ... Special grade for government phenolic specifications. —_ 
* Trade Marks 


HeCLEVELAND CONTAINERGE 


6201 BARBERTON AVE. CLEVELAND 2, OHIO 


PLANTS AND SALES OFFICES at Plymouth, Wisc., Chicago, Detroit, Ogdensburg, N.Y., Jamesburg, N. J. 
ABRASIVE DIVISION at Cleveland, Ohio 
CANADIAN PLANT: The Cleveland Container, Canada, Ltd., Prescott, Ontario 


. a 
REPRESENTATIVES 
fnew pr a colon A ewice NEW YORK AREA RT. MURRAY, 614 CENTRAL AVE, EAST ORANGE, N. J. 
















NEW ENGLAND _R. S. PETTIGREW & CO, 968 FARMINGTON AVE. 
WT " WEST HARTFORD, CONN. 


a CANADA WM. T. BARRON, EIGHTH LINE, RR #1, OAKVILLE, ONTARIO 
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sultant of the RCA Laboratories Div., 
Radio Corporation of America. 


Dave Chapman Elected President of 
Society of Industrial Designers 

At the annual meeting of the Society 
of Industrial Designers held in Prince- 
ton, N. J., Dave Chapman, Chicago in- 
dustrial designer, was elected president 
to succeed Egmont Arens. Mr. Chapman 
has been head of the design division of 
Montgomery Ward & Co., and has had 
Apex Electrical Manufacturing Co., and 
Walker Manufacturing Co., as his clients. 
Other officers include: Viktor Schrecken- 
gost, vice president; Robert Hose, secre- 
tary; and A. Baker Barnhart, treasurer. 


BOOK REVIEWS 


U LTRA H igs bi rp E Qo u E NCY 8 k E o & 4 Handbook of Human Engineering Data 


You can’t beat the properties of Teflon when you're looking for hf and uhf insula- For Design Engineers — written by 
tors... and you'll never find more perfectly fabricated Teflon parts than those Tufts College Institute for Applied 
made by “John Crane”. Experimental Psychology. Available 


Tefion insulators combine low dielectric constant, low loss factor, high heat from Offices of Technical Services, 

resistance, toughness and resiliency. U. S. Department of Commerce, Wash- 

As pioneers in the fabrication of Tefion products, we can fill your requirements. ington 25, D. C. 370 pp. $5. (Check or 

Scores of “John Crane” insulating spacers, connectors, beads, etc. are in use 

throughout the world on installations such as coaxial cables and radar units. 

If you need Teflon insulators, let “John Crane” solve your problem. Write for full information 

* John Crane products fabricated from DuPont Teflon are sold under the registered trade name ‘‘Chemion’’ This first systematic treatise on the 

science of designing mechanical equip- 


CRANE PACKING COMPANY Pa ment on the basis of detailed studies of 


TTI human capabilities was written under a 
detdidatabbanstabbebpinitnaiicintabiins <<otegne research contract with the U. S. Navy 
Offices in all Principal Cities in United States and Canada ‘ 


Special Devices Center. Three years were 
required in its preparation. Book is es- 
sentially a compilation of known data in 


% =e oF “y TsTT ry ei "| eter meer oF each of the fields of human engineering, 


including summaries of principal experi- 


money order payable to the Treasurer 
of the United States.) 


: fe | ments and good basic bibliographies. It 
+ a | c 
When Terminals Must Be Permanently Sealed a | is the intention of the authors to issue 


e supplementary data when available to 

Mse Tee myer O tea keep the compilation up to date. Eight 

a “ee o~ broad sections deal with: the human ma- 
—_ FOR ANY ROUND ELECTRODE | chine and human engineering; the human 

¢ ys ; body (anthroprometrics); characteristics of 


oe a vision; factors influencing the efficiency 
— Seeee SaEer Preseere of hearing; skin sensitivity and proprio- 


cannot penetrate the Termin- aS / © | ception (space orientation); motor re- 
O-Seal barrier. True hermetic , SS ® | | sponses; physiological factors (sleep, tem- 
sealing is achieved. The “O” (7 perature, drugs, etc.); and intelligence. 
section seal is fully retained ; x A glossary of some five hundred terms 
within rigid members. No ex- - used in human engineering is included, 
cess stretch. No cold flow. This Sl Mi @ | as well as an author index and a subject 


insures permanent sealing. index. Many graphs, charts and _ tables 
present data in convenient manner. Book 


OW VOLTAGES oe © | is in looseleaf form with tabbed dividers 
* FOR HIGH & L ‘ae i for easy reference; durable cover. 
* FOR RELAYS 
Ss o | Heat Insulation—by Gordon B. Wilkes. 
* FOR CURVED SURFACES Th ZA | Published by John Wiley & Son, Inc., 
\ 4 New York 16. 224 pp. $4. 


* WHEREV \ = This is an information-packed volume, 
MUST b ER GASSES OR FLUIDS ah. oriented primarily to the problems of 
\ E STOPPED = thermal insulation in structural applica- 


te— 


tions. The product design engineer en- 

; . gaged in problems of this nature may, 

Ee. sim, 2 ie - | however, find much useful background 
{ _ ae i 3 data in the contents. A 47-page index 
ia i = » | containing several related tables is par- 

a \ Er ie. £ CO. . ticularly useful; among these is an 1l- 
{ Suva page table on the thermal emissivity and 
reflectivity of various substance. The 

contents include purposes and methods 

of thermal insulation, fundamental for- 
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ong-lasting heating units made of Hoskins 
Chromel resistance alloy add a big “plus-per- 
formance” factor to electric heat treating furnaces. 
Or any other electrical heating device, for that 
matter, where long-life dependability is an im- 
portant first consideration. For Chromel, you 
know, is the original nickel-chromium alloy that 
first made electrical heating practical. It’s durable 
stuff... highly resistant to oxidation... because, 
in use, it quickly forms a thin, dense oxide ‘‘skin” 
that doesn’t readily flake off with the expansion 
and contraction caused by intermittent heating 
and cooling. Instead, this tight protective coating 
adheres strongly to the basic metal and effec- 


tively prevents continued destructive oxidation. 


4445 


NEW YORK ® 


¢ electric Heags 





It possesses close-to-constant ‘hot’ resistance 
between 700° and 2000° F., delivers full rated 
power throughout its long and useful life. And 
it’s backed by a record of over 40 years special- 
ized research and manufacturing experience 
which represents your best assurance of uniform 
quality, dependable performance, prompt de- 
liveries, and qualified field application service. 


So, whether you’re producing industrial electric 
furnaces, household appliances, or any one of 
countless other electrical heating devices, you'll 
do well to specify the exclusive use of Hoskins 
Chromel. Available as wire, ribbon, rod and strip 
in sizes to meet the requirements of your par- 
ticular application. 


Our Catalog M-1 contains useful technical information and helpful application data... want a copy? 


MANUFACTURING COMPANY 


LAWTON AVE. 


m DETROIT 8, MICHIGAN 


CLEVELAND ® CHICAGO 


West Coast Representatives in Seattle, San Francisco, Los Angeles 
In Cenada: Walker Metal Products, Ltd., Walkerville, Ontario 


*the original nickel-chromium resistance alloy that first made electrical heating practical 
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MAGNETIC AMPLIFIERS INC = 


Affiliate of GENERAL CERAMICS & STEATITE CORP. 
11-£4 44th DRIVE, LONG ISLAND CITY, N. Y.-TEL. STILLWELL 6-2191 


ea ae ae ht eS 


> MAGNETIC 
AMPLIFIERS 


Bi Standard Units 
@ Push-Pull or Single 


HB Completely 
Self-contained 


@ As Easy to Install 
as a Transformer 


Other Standard or Specially Engineered Units: 


SATURABLE REACTORS, SATURABLE TRANSFORMERS, 
PRE-AMPLIFIERS, PHASE SENSITIVE DEMODULATORS, 
HIGH FREQUENCY MAGNETIC AMPLIFIERS 


2. le cee oe Es ee be Gs Se Sl a 


“Recently, one of our customers sent us, un- 
solicited, the findings on a test he conducted. In 
this experiment, PeL-X was tested along with 
seven similar tracing cloths and when the re- 
sults were in, PeLt-X topped the list on every 
count including evenness of pencil lines and 
workability — and by a substantial mar- 
gin, too!” 

This is proof that PeL-X can do every- 
thing as well as any other tracing cloth 
and some things better. 

Find out for yourself just how good 
Pet-X really is by trying it on your draw- 
ing board. Put it to any test against any 
competitive tracing cloth and compare 
the results. We’re sure you'll want to 
switch to PreL-X. Write for generous 
sample. *Name on request. 


THE HOLLISTON MILLS, 


NORWOOD, MASS. 
NEW YORK PHILADELPHIA CHICAGO 
Pret-N is backed by Holliston’s 50 vears of eRTera nine and experience in develop- 


r special purpose cloths for industry 





mulas, types of insulating materials, ef- 
fects of atmospheric and other condi- 
tions, and the economics of insulation. 


| Sales Engineering (Second Edition)—by 


Bernard Lester. John Wiley & Sons, 

Inc., New York 16. 226 pp. $3.00. 

Revised and expanded text written 
primarily for engineers engaged in appli- 
cation and sale of technical equipment, 
but helpful to designers who want to 
learn more about how their products are 
sold. Covers the art of selling products 
that require engineering skill in their ap- 
plication and use, as distinguished from 
commodity selling. Points made through- 
out text are illustrated with anecdotes 
that add point and interest to presenta- 
tion. A good, practical discussion of the 
subject by a veteran sales engineer. 


Correspondence Course in 
Industrial Control 


Based partly on articles that have pre- 
viously appeared in ELECTRICAL 
MANUFACTURING, a correspondence 
course of instruction in power and control 
has been set up by Frank E. Reeves, 
Baton Rouge, La. Text material is in 
mimeograph form, bound in stiff paper 
covers under the following section titles: 
Symbols and diagrams, electrical con- 
tacts, switches, electromagnets and sole- 
noids, relays and contactors, motor con- 
trol, pressure and temperature controls, 
electrically operated valves, air and 
hydraulic cylinder control, time control 
devices and count control devices. Course 
is being presented through Electrical 
Instruction, P. O. Box 5177, Audubon 
Station, Baton Rouge 6, La. 


STANDARDS 


Aluminum Extrusion Drafting Stand- 
ards—Manual of drafting standards for 
aluminum extrusions outlines a method 
of preparing drawings to enable user to 
prepare specifications correctly. Topics 
discussed in this 52-page booklet are iden- 
tification of products, title block, draw- 
ing sizes, standard tolerances, notes, lines 
and line work, lettering, views, dimen- 
sioning, and abbreviations. Booklet is 
profusely illustrated with drawings and 
tables. The Aluminum Association, 420 
Lexington Ave., New York 17. 


Air Conditioner Ratings—ASRE Stand- 
ard No. 16-R covers self-contained air 


| conditioners, room air conditioners, re- 


mote type air conditioners, heat pumps 
and oil- and gas-fired air conditioners. 
Also included are revisions of two former 
ASRE standards, namely No. 16, Meth- 
ods of Rating and Testing Self-Contained 
Air Conditioning Units for Comfort Cool- 
ing (1940), and No. 13, Methods of Rat- 
ing and Testing Air Conditioning Equip- 
ment (1936). An innovation provided in 
the new standard is the use of a cali- 
brated Room Calorimeter which is de- 
signed primarily for testing room air con- 
ditioners of the delivery type. Copies may 
be obtained from the ASRE, 40 W. 40th 
St., New York 18. 
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In every possible kind of test—tensile, impact, shock, 
speed—detachable chain made with Truarc Rings out- 
performs chain equipped with cotter pins! That's what 
Atlas Chain & Manufacturing Co., Philadelphia, dis- 
covered, after pioneering chain with Truarc E-Rings. 


Improve your own product with Truare Rings! Wher- 
ever you use machined shoulders, collars, cotter pins, 
bolts, nuts, screws, snap rings...a Truarc Ring will do 
the job better: improve performance, cut unit cost, 
save space and weight, eliminate parts, permit use 
of stock sizes, eliminate skilled labor operations, 
simplify maintenance. 


Truarc Rings are precision-engineered. Quick and 
easy to assemble, disassemble. Give a never-failing 
grip. Can be used over and over again. 


Find out what Truarc Rings can do for you. Send your 
blueprints to Waldes Truarc engineers, for individual 
attention, without obligation. 


Waldes Truarc Retaining Rings are available for immediate delivery 
from leading ball bearing distributors throughout the country. 


ene 


/ 


SEND FOR NEW CATALOG E> 





./ WALDES 


=, TRUARL 


REG.U.S PAT.OFF. » 


RETAINING RING 


WALDES KOHINOOR, INC., LONG ISLAND CITY 1, NEW YORK 


WALDES TRUARC RETAINING RINGS ARE PROTECTED BY THE FOLLOWING PATENT NUMBERS: U.S. PAT. 2,382,948; 


2.420.921: 2,411,761; 2,487,803; 2.487,802; 2,491,306 AND OTHER PATS. PEND. 
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1. STRONGER. Average 30% higher static thrust 
strength than cotter pins. Resilient E-Ring reinforces links 
against exceptional side stress—resilient spring is most effi- 
cient means of damping vibration. 


2.GREATER SHOCK RESISTANCE, Higher shock 
strength ratios than cotter pins, due to greater contact surface 
plus spring reaction for damping moment of shock, Circular 
movement of ring in groove relieves shock surface loadings 
—instead of resisting rigidly as with cotter pins in fixed holes. 


3. HIGH SHOULDER. High effective bearing shoulder 


extends practically all around pin, and is geometrically per- 
fectly proportioned to link diameter. 


4. RE-USABLE. No part of E-Ring fatigues and breaks 
off, as with ends of re-used cotter pins. Ring removes easily 1 
with screwdriver. | 


5. REDUCES ACCIDENTS. Does not protrude to catch 
onto clothing. No sharp-pointed ends to produce electrical 
brush discharge and resultant fire and explosion hazard in 
mines and mills. 

























r i 

| Waldes Kohinoor,. Inc., 47-16 Austel Place EM-013 j 
i Long Island City 1, N. Y. i 
1 Please send SELECTION GUIDE catalog (4K-W) ! 
j on Waldes Truarc Retaining Rings. i 

: | 
. Name. 1 
i 

I 

' Company. i 
ee . 

I City Zone. State e l 
I seth atts cis tinh tein abc teeesrelneida ale ansiciaeiahasncaaia 


191 


DC TRICKS 


with AC Contactors 
and vice versa 


Put a DC power plant in Ward Leonard’s 4110 across- 
the-line AC magnetic starter, and you can 
.-- do direct AC switching from DC battery voltages 


..+ hold-in despite poor voltage regulation—down 
to 15% of rated voltage 


... eliminate troublesome AC hum 
Or use a DC contactor with an AC power plant (Ward 
Leonard designed the contactors for this) and— 
. ». Switch a variable-voltage DC control system 
from a constant potential AC source 
. +. get dynamic braking just by adding a contact— 
rather than a separate contactor 
Investigate Ward Leonard AC-DC combinations. Write 
for Control Catalog. WARD LEONARD ELECTRIC COo., 34 
South Street, Mount Vernon, N. Y. Offices in principal 
cities of U. S. and Canada. 


Nee) 
ELECTRIC COMPANY 
Reeaok-E nyinccud Coitiols 


RESISTORS « RHEOSTATS + RELAYS + CONTROL DEVICES 


Motor Adjustable to 
Any Line Voltage 


(Continued from page 77) 


is not correctly aligned with the divisor in the keyboard, 
these levers effect a shift of the carriage to the right 
or left until a correct alignment is achieved. This is 
then followed by an automatic division operation with- 
out further attention by the operator who no longer has 
to check nor shift the carriage to the proper starting 
position. 

In division problems it is necessary to carry the 
quotients out to a predetermined number of decimal 
places. Therefore an operator shifts the carriage to 
an established position each time, but before doing 
so must think of and clear the carriage dials. When 
the carriage is moved to its correct position, the operator 
sets the dividend on the keyboard and touches the 
plus bar to enter the dividend into the upper dials. 
This causes a “1” to count in the counter dials and 
this “1” must be removed either by clearance or a touch 
of the minus bar. The divisor is then set into the key- 
board and the carriage is shifted to the dividing posi- 
tion. To speed up these operations, a combination 
dividend entry and tabulating mechanism has been 
added. With the dividend set on the keyboard, a touch 
of the dividend tabulating key automatically clears 
the dials, shifts the carriage to a set tabulated position, 
enters the dividend into the dials and prevents entry 
of the “1” from the counter dials. The keyboard is also 
automatically cleared for setting the divisor. This tabu- 
lated position of the carriage is previously selected by 
the depression of one of ten small keys on the lower 
edge of the travelling carriage. When one of these small 
tabulator keys is locked down for the number of 
decimal places in the quotient, it becomes an automatic 
decimal point for all quotients resulting from divisions 
made at the tabulated position. 


Split Carriage Simplifies Payroll Work 


Calculators are used extensvely in payroll work where 
hours are multiplied by rate to get the amount of each 
individual check. Then all individual checks are added 
together to give the amount of a complete weekly 
payroll. These two operations are now done simultane- 
ously through the use of a split clear carriage. The 
hourly rate, which in many cases is a constant, can be 
set on the small ten-key multiplier keyboard and the 
number of hours each man has worked can be set twice 
on the large keyboard, once on the left side and again 
on the right side. Thus two products are displayed in 
the carriage when the multiplication operation is per- 
formed. One of these products will be the amount of 
the individual check and will be cleared out auto- 
matically at the beginning of the next multiplication. 
The other is retained, due to the split clearance in the 
carriage, and will be automatically accumulated. The 
figure shown on the accumulative side will be the 
amount of the entire weekly payroll. 

Many other time-saving features were also incorpor- 
ated in the new calculator. For example, a constant 
may be locked into the large keyboard by a slight shift 
in the zero key in any row. The carriage automatically 
shifts to the multiplying start position upon depressing 
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the first key when setting in a multiplier. Totals may be 
transferred from upper dials to lower dials to display 
a grand total at all times. 

Thus has the new Friden calculator been designed 
for improved operator performance, better appearance 
and also to meet many sales and service situations. 

oo a 
7 
How to Lay Out Panels for 
A-C and D-C Motor Controls 
(Continued from page 83) 





strap panels are light in weight and relatively sturdy 
in construction. This method should only be applied 
where the devices in each row are of uniform size, 
unit-insulated and suitable for front-of-board wiring. 

Strap thickness should be heavy enough to assure 
sufficient rigidity. Consideration must also be given to 
the size, weight and number of components to be mount- 
ed. Where long horizontal straps are used, additional 
vertical metal support straps should be included be- 
tween the end supports. Horizontal straps are usually 
made of cold rolled steel ranging from No. 13 gage 
to 4 in. in widths varying from % to 2 in. depending 
on the location of component mounting holes. 

Sheet steel panels, Fig. 3, are more flexible in appli- 
cation since control components of various sizes can be 
accommodated. However, like the steel strap method, 
unit-insulated components suitable for front-of-board 
wiring are necessary. Steel panel construction is pre- 
ferred for applications where vibration and mechanical 
shock are encountered as in portable or mobile control 
equipment. Panel thickness ranges from No. 14 to 
No. 8 gage, depending on the size panel required. 

Insulating panels, Fig. 4, though more costly than the 
foregoing types, are necessary for applications using 
components designed for back-of-board wiring or those 
employing components that are not unit-insulated. Con- 
ventional insulating panel materials are paper- or fabric- 
base phenolic laminates and ebony asbestos. Because of 
its higher tensile strength, compressive strength, voltage 
breakdown and resistance to heat, the phenolic lami- 
nates are the preferred materials although slightly 
higher in cost than ebony asbestos. Panel thicknesses 
range from % in. for the lower rating controls to 1 in. 
for the higher rating controllers. Glass-cloth base mela- 
mine-formaldehyde laminate or GMG, developed for 
U. S. Navy applications (4), is a superior material but 
its high cost excludes widespread industrial use. 

Paragraph 2.6.7 of the Machine Tool Electrical 
Standards with J.I.C. provide that all control panels 
shall be removable as a unit through the enclosure open- 
ing. It also specifies that all front-of-board components 
shall be mounted using machine screws with American 
National form of thread so that any components can be 
replaced without removing the entire panel. 

Problems in wiring control panels will be discussed 
in the second and concluding part of this article to ap- 
pear in the February issue. 

Cited References 

1. “How to Lay Out Control Circuits,’ Frank E. 

Reeves, ELectricaL MANUFACTURING, April 1950, 

p. 97. 

2. “Elementary vs Circuit 


Schematic Diagrams,” 
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Keeps Size Down 


by keeping one jump 
ahead in design 


The smaller the equipment—the more trouble from high 
inrush currents... 


This portable telecast equipment first used a single pole 
supply line relay—but the high inrush currents the instant 
after closing, sometimes welded the contacts. Solution 
appeared to be to use a larger relay or to alter the equip- 
ment, increasing its size. 

Then: Ward Leonard suggested a heavy-duty midget par- 
allel contact relay—no larger than before—with poles 
paralleled and with silver-to-carbon contacts on one pole 
making contact before the silver-to-silver contacts close 
on the other pole. 

Investigate Ward Leonard facilities for variations of 
standard designs to simplify your control. 


WARD LEONARD ELECTRIC CO., 34 South Street, Mount 
Peet A N. Y. Offices in principal cities of U. S. and 
anada, 
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Frank E. Reeves, ELecrricAL MANUFACTURING, July 
1950, p. 108. 
3. “Performance of Magnetic Devices Used in A-C 
Control Circuits,” Mark Morgan, ELecrricaL MANu- 
FACTURING, December 1950, p. 100. 
4. “Electrical Insulation—Navy’s Program Moves 
Ahead,” Alex. E. Javitz, ELecrrica, MANUFACTUR- 
ING, November 1948, p. &8. 

Note. These four articles are available as editorial 
reprints. To secure copies see Reader Inquiry Facility 
on page 169. 

















Designing an Air-Break Contactor 
for High-Voltage Service 


(Continued from page 97) 


rupt the required currents at 5000 volt, so develop- 
ment of a separate 2500-volt model was dropped. The 
contactor rated at 200 amp will interrupt 25,000 kva 


BULL S-EVE at 15 per cent power factor at either 2500 or 5000 
ad 






























volt, 3 phase, 60 cycle. The contactor rated 400 amp will 
interrupt 25,000 kva at 2500 volt and will interrupt 
ITI eM 35,000 kva at 5000 volt, 3 phase, 60 cycle. In spite 
of small dimensions (equal in floor area to that of 
comparable oil-immersed units) the contactor will 
withstand 19 kv, 60 cycle for 1 min and has successfully 
passed 60-kv impulse tests. 
One development model of the contactor was field 
tested in an industrial plant on a 300-hp, 2300-volt, 


Th 


Twenty-five leading electric 
= motor manufacturers have 


-> found that they buy 
bull’s-eye performance when they specify 
and use Hoover Ball Bearings with honed 
raceways. For their money they get amazing 
quietness plus 30% greater load capacity . . . 
90% longer life . . . reduced end play . . . 
reduced radial displacement . . . increased 
resistance to Brinneling . . . uniformity 
and permanence of fit-up . . . freedom from 
vibration . . . precision of dynamic balance. 
We invite you to join the ranks of the 
growing list of distinguished users 
of Hoover Ball Bearings. 








Fig. 14—Movable contacts mounted on pushrod. By 

pivoting on pressure springs, contacts are self-aligning 

in both horizontal and vertical directions. Springs also 

provide tension to separate contact quickly when magnet 
is de-energized. 


3-phase motor driving a high-pressure pump. The 
duty cycle was approximately 1 operation a minute 
and after over 130,000 operations contact wear was 
approximately 0.005 in. The wear on the operating link- 
age for the interlock switch was between 0.001 and 
0.002 in. The a-c magnet wear between bearings of 
the plunger was worn 0.0005 to 0.001 in. per side. 
: S eo The zirconium oxide arc chutes showed black arc 
LL and BEARING: co. : traces which came off readily by rubbing with sand 
Bdter, Micbigadt*® **. >: paper. 

ge It is interesting to note that real progress in develop- 
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Write for your copy of the 
Hoover Engineering Manual. 
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ADLAKE RELAYS AT WORK 


— One of a series of advertisements 
on specific ADLAKE applications. 


without 
a single failure! 


ADLAKE Mercury Relays 
Set New Standards of Dependability 
for Automatic Tooling Machines 


THE ADLAKE RELAY in this facing 
machine control box at the Northern 
Indiana Brass Co. was installed October 
18, 1948. Prior to its installation, the 
machine had been subject to frequent 
expensive breakdowns. Yet since it was 
installed, the relay has operated continu- 
ously 714 million times with no main- 
tenance whatever—and the machine has 
had no breakdowns! 


ADLAKE RELAYS are designed and built 
to meet the most exacting needs of indus- 
try. Their mercury-to-mercury contact 
prevents burning, pitting and sticking, 
and their sturdy construction armors 
them against outside vibration or impact. 
And most important of all, they require 
no maintenance, for they are hermetically 
sealed against dust, dirt and moisture. 


For the full story on the part ADLAKE 
Relays can play in your business, just 
drop a card to The Adams & Westlake 
Company, 1108 N. Michigan, Elkhart, 
Indiana. No obligation, of course. 


ADLAKE Mercury Relays Bring These 
Advantages to Every Installation: 


@ HERMETICALLY SEALED—dust, dirt, moisture oxidation 
and temperature changes can't interfere with operation. 


@ SILENT AND CHATTERLESS e@ ABSOLUTELY SAFE 
@ REQUIRE NO MAINTENANCE 


ELKHART INDIANA * New 


a) i 


Sarl ie 1857 

Manvufactur 

7 tae elk) Load 

i lly Sealed Mercury Releys 
Hermetica eal 








Leach RELAYS 


ARE PERFORMANCE PROVED! 


You get better service from LEACH RELAYS because thousands of 
types of relays for thousands of applications have been proved-in- 
use for over 30 years. 


LEACH RELAYS are designed with an exceptionally high factor 
of safety for extra dependability. Simplicity of designs makes 
installation quick, easy and inexpensive. Get all the facts and 
make your own comparisons. LEACH RELAYS’ outstanding per- 
formance, reliability, sturdiness and economy have been proved- 
in-use. 


Highest standards of engineering, materials and workmanship 
assure long, safe, efficient, trouble-free service. 


FOR BETTER CONTROLS THROUGH BETTER RELAYS—CONTACT LEACH 


LEACH RELAY 


SSIS AVALOM BOULEVARD. LOS ANGELES 3. CALIF. 


Representatives in Pincipal Cities of U. $. and Canada 
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ment of the new contactor actually did not start until 
the decision was made to abandon the old design and 
set off on a completely new program. The end result 
has been a contactor actually having a lower manufac- 
turing cost, yet which surpasses the original design 
in every important point and raises air-contactor horse- 
power ratings to new levels. Ooaa 


Electric Drives 
With Speed Control—Il 


(Continued from page 101) 


alike, the general relationship between speed, voltage, 
flux and torque apply equally well to each. If the speed 
of a typical adjustable-voltage generator is constant, 
the output voltage is proportional to the generator 
field flux, as shown in the broken line of Fig. 19. The 
relationship between no-load armature volts and shunt- 
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FIELD FLUX AND SHUNT FIELD AMPERES IN PERCENT 
OF RATED FULL FIELD VALUES 


Fig. 19—Field flux versus armature voltage curve and sat- 
uration curves for typical adjustable-voltage generator. 


field current, however, is not a straight line for two 
reasons: (1) Residual magnetism of the field produces 
a small amount of flux even though the field current is 
zero, and this produces a low residual armature volt- 
age. And (2) to provide an economical machine, nearly 
all generators are designed so that the field is some- 
what saturated at rated voltage. Therefore, field current 
increases at a faster rate than field flux. 

Both the full-load saturation curve and the no-load 
saturation curve are shown in Fig. 19. It will be 
noticed that for low values of shunt-field current the 
full-load voltage is greater than the no-load voltage, 
but for increasing values of shunt-field current the 
full-load voltage is less than the no-load voltage. This 
results from the effect of the generator series field 
(not shown in Fig. 18) and the generator armature 
resistance. At low values of shunt-field current the 
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The various 
plastic components 
which make up the complete 













































ed housing for the new KLIXON C9150 
nt, manual motor-starting switch were designed 
ni to be made by automatic molding... 
' : to assure uniformity of parts, material 
savings, and controlled inventories. | 
The battery of Stokes fully automatic | 
200D3 molding presses at the SPENCER | 
THERMOSTAT Division of Metals | 
& Controls Corp., at Attleboro, 
Mass., produce identically \ 
accurate parts... quickly 
, ..and at remarkabl 
Stokes fully automatic ee 
; low costs. Filling hoppers 
molding presses. .. there ; ; 
Silt ciaaiial and removing finished 
ee _ parts are the only labor 
..are high-speed, flexible, : 
; requirements once the 
foolproof, economical pro- 
: a ; presses are set up for 
duction units designed to . : 
: ; automatic operation. 
produce a wide variety 
of simple or complex 
parts... by the hundred 
or by the million. 
) If you want to know what 


fully automatic molding can do for 
‘i you, send samples or blueprints of rial 
r. your parts for a free analysis . . Powder Metal! 


there is no oligation, of course. social Procuaill Equi in 
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F. J. Strokes MACHINE Co. 0 Our parts or blueprints are attached for your free 

ye 5996 TaBoR Roap analysis. 
1e PHILADELPHIA 20, Pa. 0 Send your bulletins on Stokes fully automatic mold- 
e ing presses. 
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STANDARD | 
SCREWDRIVERS 


METERMAN’S 
SCREWDRIVERS 


ay 


CUTTERS 


coms Wire Co 


field is not saturated and the effect of the cumulatively 
wound series field is very great, but as the shunt-field 
current is increased the field becomes saturated and 
the series field has much less effect. At rated shunt- 
field current the effect of the series field is insufficient 
to compensate for the generator /R drop, but at low 
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Screwdrivers and 
wrenches  factory- 
tested to 10,000 
volts 
Wire cutters 
factory-tested to 
20,000 voits 
Tough, rugged, 
durable insulation 
helps prevent acci- 
dents to men 
Prevents damage to 
valuable equip- 
ment 
Maximum Cohard- 
ite covering for 
Maximum  protec- 
tion 

See your supply house 

or write direct for de- 
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SPEED IN PERCENT OF RATED FULL FIELD SPEED 


Fig. 20—Speed regulation curves for small rating Ward 
H. K. PORTER, Inc. | 6- 20-—Speed regulati —_ su 
Leonard drive with series generator field to compensate 


for IR drop. 


Somerville 43, Mass. 


100 
MOTOR OUTPUT 
HP VS SPEED A 


angled 5 
EFFICIENCY 
IN PERCENT 
VS SPEED 


ae aul 
TRANSFORMERS 


/ 

*For step déwn from 115 volts. WOUND ROTOR 
Normal reactance types with 8, SYSTEM VS SPEED 

16, 24, and 32-volt secondaries, 

capacities from 25 to 150 va. 

High reactance types with 25 and 

30-volt secondaries, capacities 

from 20 to 80 va. 
%For step down from 230, 460, or 

575 volts, 50 or 60 cycles. With 80 


115 or 115/230-volt secondaries, 
capacities from 25 va to 10 KVA. SPEED IN PERCENT OF RATED TOP SPEED 


*Compact, convenient mountings Fig. 21—Overall performance for typical 100-hp Ward 


/ to fit a wide variety of applica- Leonard drive including comparison of losses with wound- 


tions.. : : 
rotor motor with secondary resistance control. 


values of shunt-field current the series field more than 
compensates for the generator JF drop. 
The purpose of the series field in the generator is 
to compensate /F drop not only for the generator but 
Ww also for the motor. If this is done the drive speed can be 
held more nearly constant over the range from no load 
CHICAGO eM a to full load than would be possible without the series 


FUR ES ol ee OR field. Fig. 20 shows how this feature provides im- 
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l'IBERGLAS 


Wh. When you order 


SLEEVING & TUBING 
... because 


Saturated Sleeving and Varnished Tub.og 
made with Fiberglas Yarns— 


os 
Wa tO cers Resist high internal and ambient temperatures 


Resist moisture 
Add fire safety 


Are not affected by soldering heat 


Are lower in cost than cotton-base sleeving 








$.70 os 


= oe bok boa OWENS-CORNING 
1939 ‘40 ‘al ‘a2 "43 ‘a4 ‘a5 ‘ab 47 "48 49 
AVERAGE PER POUND COST OF FIBERGLAS YARNS i B 3 RG LA os 








*Fiberglas is the trade-mark (Reg. U. S. Pat. Office) of Owens-Corning 
Fiberglas Corporation for a variety of products made of orwithglass fibers. 


OWENS-CORNING FIBERGLAS CORPORATION, Textile Products Division, Dept. 866, 16 East 56th Street, N. Y. 22. 
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BINDING POSTS TWICE 
; ACTUAL SIZE 


Lionel designed this non-turning, self-fastening 
binding post for making electrical connections to 
model railroad equipment, such as coal loaders. 
A multi-purpose fastener for a high quality 
product, it must be prefabricated with precision, 
speed and economy. Progressive provides the 
perfect facilities for specials such as this. 


A combination tubular rivet and threaded post, 
the connector eliminates separate parts such as 
nuts and lock-washers, excludes expensive hand 
operations and permits multiple assembly. Made 
of headed stock, it curls without cracking. 
Serrations lock the post to keep it from turning. 
Tubular section holds the post to its base and 
may be used further to hold a soldering lug, etc. 
Drawing detail above shows the multiple func- 
tions performed by the fastener. 


Special fasteners are our specialty. IF IT’S 
SPECIAL, see PROGRESSIVE. 


WRITE FOR OUR CATALOG 
IT MAY SAVE YOU MONEY 


MANUFACTURING COMPANY 


44 NORWOOD ST., TORRINGTON, CONN. 


SALES OFFICES: SAN FRANCISCO, LOS ANGELES, 
PORTLAND, DETROIT, PHILADELPHIA, CLEVELAND, 
SEATTLE, BOSTON, SYRACUSE, ST. LOUIS, CHICAGO 


proved speed regulation, particularly at low speeds. 
Fig. 20 was obtained by combining the curves for the 
motor in Fig. 17 and for the generator in Fig. 19. The 
regulation curves are typical of ratings under 20 hp. 
In larger ratings the regulation at higher speeds is 
improved. To obtain better regulation than can be 
obtained by the system shown, it is necessary to em- 
ploy speed regulators, as will be discussed later. 

The efficiency of Ward Leonard drives is much 
higher than the efficiency of drives where the speed 
control system involves the dissipation of large amounts 
of power. Fig. 21 shows the overall performance curves 
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KEY SYMBOLS 
TAR—Accelerating Relay Time Closing 
DB—Dynamic Braking Contactor 
FC—Generator Field Contactor 
JR—Jogging Relay 
1OL—Instantaneous Overload Relay 


M—D-c Line Contactor 
TOL—Thermal Overload Relay 


Fig. 22—Complete Ward Leonard adjustable-voltage drive 
system providing speed control by generator and motor 
field control, with jogging and dynamic braking. 


of a typical 100-hp Ward Leonard system operating 
a constant-torque load. A typical 100-hp wound-rotor 
motor with secondary-resistance control is included for 
comparison of the losses. In small ratings the difference 
in power losses between the two systems may not be 
significant, but at 100-hp this becomes very important 
if the drive is to be operated at reduced speed for any 
extended period. For example, if it is assumed that 
the drive is to operate continuously at 50-per cent speed 
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(B) LONGER LIFE. Special non-expanding metal clamp- 
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unit-cylinder contact and heat conductivity—and 
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tional heat loss results if a unit burns out— 
only that unit need be replaced. Equipment 
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(D) SEND for the Watlow Electric Heating Units 
Catalog. 
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© Immersion Heaters @ Electric Cartridge 
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the losses in the wound-rotor system will be about 32 
kw greater than the Ward Leonard drive. If power 
cost 1¢ per kwh the wound-rotor system will cost 32¢ 
more per hour to operate than the d-c system. 

A complete Ward Leonard adjustable-voltage drive 
system which operates from a-c power is shown sche- 
matically in Fig. 22. This system provides control of 
the motor field as well as the generator field by means 
of a combination field rheostat that first increases the 
generator field current up to its maximum value and 
then decreases the motor field current as the rheostat 
is turned further. The generator rheostat is connected 
directily across the exciter to obtain very low generator 
excitation and consequently very low speed. 

In many cases the inherent delay in generator field 
buildup provides a smooth and sufficiently slow accel- 
eration so that rated generator field excitation can be 
applied when the armature circuit is closed for starting. 
In the case of high inertia loads or motors with wide 
speed range obtained by field control, however, it may 
be necessary to increase the accelerating time. In Fig. 22 
an accelerating relay (7AR) is provided to delay the 
buildup of the generator field and thus increase the 
accelerating time. 

In small horsepower ratings reversing is usually 
provided by reversing contactors in the armature circuit, 
which are interlocked to prevent reversing with full 
generator voltage. In ratings above about 25 hp it is 
often more economical to provide generator field-re- 
versing contactors instead of armature-reversing con- 
tactors because they carry a relatively low current and 
are therefore smaller and less expensive than armature 
contactors. 

The remainder of the operation of the system shown 
in Fig. 22, which includes jogging at a pre-set low 
speed and quick stopping by dynamic braking, is self- 
explanatory. 

Rotating Amplifiers. In large-size adjustable-voltage 
drives the generator or motor field current or both may 
become so great that the field rheostat becomes quite 
large and bulky. Therefore, it may be desirable to pro- 
vide a rotating amplifier for generator or motor field 
control. The simplest such amplifier is an ordinary 
d-c generator used to supply power to the main field. 
Such a machine is commonly called a pilot exciter. A 
small, conveniently located field rheostat can be used 
for controlling the pilot exciter and in turn the main 
fields. 

In many cases, however, other types ot specially 
designed d-c generators, such as amplidyne, Regulex 
or Rototrol, may be used as pilot exciters. While these 
machines differ in design, they are all partially self- 
excited and therefore require only a small amount of 
excitation power for control purposes. The low control 
power requirement makes these machines well suited to 
drives requiring speed, voltage or current regulation, 
and they are commonly used even on drives as small 
as 10 hp. 

High-gain type rotating amplifiers are sometimes 
used directly without intermediate generators to furnish 
armature power for small motors in regulated type 
systems. 

In the third and concluding part to appear soon, the 
author will discuss adjustable-speed d-c drives obtained 
from electronic rectifiers. oo°d 
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PRECISION 


PAPER 
TUBES 


Precision Paper Tubes are spiral-wound of 
finest dielectric Kraft, fish paper, cellulose 
acetate, or combinations to provide utmost di- 
electric strength. Then they’re die-formed 
under heat and pressure to insure high moisture 
resistance and tube uniformity. The result: 
especially efficient, strong, light coils that 
afford better heat dissipation, and help assure 
stability in the equipment in which they are 
employed. 
You can get Precision Paper Tubes in 
any size, ID, OD, or length. Let us 
know your requirements and we'll make 


up a sample for you. Write for our 
new Mandrel List of 1,000 sizes today. 


PRECISION PAPER TUBE CO. 


2035 W. Charleston St., Chicago 47, Ill. 
Plont +2: 79 Chapel St., Hartford, Conn. 
Also Mfrs. of Precision Bobbins 


Making Electrical Contacts 
Stand Up in Control Service 


(Continued from page 106) 


inductive loads, widening the open gap will usually suf- 
fice, provided that operation of the contacts is relatively 
infrequent and the contacts are snap-acting. However, 
widening the gap has the disadvantage of increasing the 
amount of contact bounce when the contracts are closed, 
as explained above. 

2. Larger Contacts. In combination with a wide air 
gap, larger contacts may solve the problem where fre- 
quency of operation of the contacts is somewhat higher 
but all other conditions remain the same as in the pre- 
ceding paragraph. 

3. Special Contact Materials. For still more severe 
duty, but with similar voltage, current and load condi- 
tions, other special contact materials may be the answer, 
such as the silver-copper-cadmium-nickel-cobalt alloy. 
As listed in Table III and IV each contact material has 
a characteristic voltage and current at which an arc will 
form. 

4. Multiple-Break Contacts. Where space is avail- 
able, the interrupting capacity of contacts may be in- 
creased by using two or more pairs of contacts in series. 
All other factors being equal, contacts in series will 
interrupt considerably more than twice the current than 
a single pair will handle. Further increase in the num- 
ber of contacts in series will improve interrupting ca- 
pacities considerably in excess of a direct ratio in the 
number of contacts. 

With two pairs in series, assuming that air gaps are 
the same, only half of the voltage will be available at 
each pair to sustain the arc when the contacts are open- 
ing. In addition, the increased radiating surface will 
keep the contacts cooler. 


Series Contacts Have Some Limitations 


One disadvantage of using series contacts is the de- 
crease in contact pressure. For double-break contacts, 
the pressure is half that of single-break contacts, as- 
suming the same force is available. For this reason, it 
is seldom that more than two breaks are used. 

A further disadvantage of multiple-break contacts is 
that in closing, one contact will almost always close 
first and uneven wear will result since this contact will 
absorb more of the total impact. In addition there is 
the possibility that mechanical oscillation will accentuate 
the bouncing action. One more disadvantage is that 
when both double-break contacts weld, more force is 
necessary to break the welds. 

5. Energy-Absorption Circuits. Non-inductive re- 
sistors have long been used to absorb the stored energy 
in an inductive circuit when it is broken, particularly 
for d-c circuits. Originally, shunt resistors were em- 
ployed to prevent an excessive rise in induced voltage 
which might damage winding insulation. However, it 
was found that such resistors also reduced arc erosion 
on the contacts of the control switch. The discharge 
resistor may be connected permanently across the ter- 
minals of the inductance or to an auxiliary contact of 
a control switch which opens the resistance circuit while 
load is applied. Disadvantage of the first method is 
that there is a continuous power loss in the resistor 
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while the circuit is alive, and in addition, the control 
contacts must make, carry, and break the added current, 
The second method has the disadvantage of requiring 
an additional contact to control the resistor. However, 
a much lower value of resistance may be used, thereby 
keeping the induced voltage to a lower level. 

Instead of a resistor, a capacitor may be shunted 
across the contacts in order to reduce the arcing when 
contacts are opened in a d-c circuit. The capacitor is 
fully discharged when the contacts are closed since it is 
short circuited. When the contacts start to open, the 
capacitor acts as a short circuit across the air gap 
during the first instant, and current flows into the 
capacitor to charge it, with a reduction in arcing at 
the contacts. The voltage across the capacitor grad- 
ually rises to full line voltage, the rate of voltage 
rise being determined by the constants of the cir- 
cuit. In the meantime, the contacts are opening; as 
the voltage available to maintain the arc increases, 
the air gap also increases and more and more volt- 
age is necessary to maintain the arc. If all factors 
were known including all of the circuit constants and 
the rate of opening of the contacts, the proper size of 
capacitor could be calculated. It is usually much sim- 
pler to try different sizes of capacitors until minimum 
arcing occurs. For this method to be practical the load 


Table V—Contact Protection for D-C Heater 
and Incandescent Lamp Loads* 


115 volts d-c | 230 volts d-c 
Load in 7 
Capacity | Resistance | Capacity | Resistance 
ohms mf ohms 





61 to 160 he 0.75 
161 to 230 5 | 0.50 
231 to 500 | 0.75 
50ljto 750 1 


0 ‘ 60 0 iF 
751 to 1000 | : 0.50 | 


NReeKtrono 


Non-inductive 
resistance load 


Se ries protective 
circu/t 





* Data supplied by Micro Switch Division. 


must be always the same or only vary within rather 
narrow limits. If the load is constant, and the proper 
size of capacitor ts selected, arcing may be so reduced as 
to be imperceptible. 

The shunting capacitor would be the panacea for 
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interrupting all d-c circuits except that the circuit must 
be reclosed. For this function it would be better not to 
have the shunting capacitor at all, since the energy 
stored in it must be dissipated. If the contacts could be 
closed so swiftly that no arc resulted, all of the energy in 
the capacitor would be dissipated in power loss which 
would simply increase the temperature of the connec- 
tions. However, the speed of electrons being what it is, 
a discharge occurs when the air gap is reduced to the 
critical spark-over distance for the voltage to which 
the capacitor had been charged. In addition, if boune- 
ing of the contacts occurs, further arcing will take 
place until the capacitor is fully discharged. Due to the 
very short time required to discharge all of the energy 
in the capacitor, the arcing may be very severe and 
highly destructive. To overcome this difficulty, a re- 
sistor is usually connected in series with the capacitor 
in the standard absorption circuit. The most effective 
combination is a large capacitor and a relatively high 
resistance but practical considerations limit the size of 
a capacitor and a correspondingly lower value of re- 
sistance must be employed. Here, again, the most prac- 
tical method for determining the value is by experiment, 
For non-inductive loads the resistor and capacitor in 
series may be connected across the load instead of across 
the contacts with similar results. Values for capacitance 
and resistance for various non-inductive loads, as ree- 
ommended by one switch manufacturer, are shown in 
Table V. 

Gas discharge tubes are sometimes used to prevent 
an excessive rise in voltage when an inductive d-c cir- 


Contro/ Control 
contacts contacts 
—> — 


Fig. 3—Metallic rectifier can be used to suppress arcing 

in a d-c inductive circuit. When control contacts are 

opened, stored energy from the inductance continues the 

current flow, but direction through rectifier is reversed 

and in the low resistance direction. Voltage drop across 

the inductance prevents rapid rise across contacts and 
minimizes arcing. 


cuit is broken. At a critical voltage, the gas within the 
envelope becomes conducting and current flows between 
the electrodes; when the voltage falls below a lowef 
critical value, the gas again becomes nonconducting’ 
Gas discharge tubes are connected in parallel with the 
inductive circuit, and the stored energy in the inductance 
is dissipated in circulating current losses in the same 
manner as a discharge resistor. Since the tube has 
low resistance when conducting, the energy is therefore 
dissipated in the remainder of the circuit. 

The development of inexpensive metallic rectifiers 
has brought another means of reducing arcing erosion 
in inductive d-c circuits. The rectifier is connected i 
parallel with the inductive circuit so as to offer high fe 
sistance when the control contacts are in the closed post 


* Bee “Cold Cathode Glow Discharge Tubes,” W. A. Depp and 
W. H. T. Holden, EvecrricaL MANUFACTURING, July 1950, page 92. 
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tion. When the control contacts open, current continues 
to flow in the inductance but circulates through the 
rectifier circuit in the same manner as if a low re- 
sistance were connected across the inductance. (See 
Fig. 3.) Here, again, the energy stored in the induct- 
ance is dissipated in losses in the series circuit con- 
sisting of the inductance and the rectifier. The voltage 
drop due to the continuous flow of current through the 
inductance prevents a rise in voltage across the control 
contacts as they open, and therefore arcing of these con- 
tacts is minimized. A marked advantage of this method 
over the capacitor quenching cricuit is that the energy 
is quickly dissipated. With the capacitor quench cir- 
cuit, there is danger of destructive arcing when the 
control contacts are reclosed if the capacitor has not 
been fully discharged. Since good capacitors retain 
their charges for long periods of time, this disadvantage 
may be serious. 

6. Permanent-Magnet Blowouts. An electric arc, like 
any other electrical circuit, sets up a magnetic flux con- 
centric with the path of the current. A permanent 
magnet held near a d-c arc will repel or attract the arc 
depending on the direction of current flow in relation 
to polarity of the magnet. This provides a means of 
forcing the arc away from the contact faces toward 
the edges of the contacts. The center of the arc may 
then be forced away from the contacts into the cooler 
region in the surrounding atmosphere or oil. The are 
continues to lengthen and cool until it attains the critical 
length and temperature at which the available voltage is 
unable to maintain ionization. 

Permanent-magnet blowouts have the advantage of 
being effective over all ranges of current in the contacts 
since they maintain a constant magnetic field. They 
have the disadvantage that the polarity of current 
through the contacts must be always the same if the 
arc is to be blown in the same direction. Reversal of 
current through the contacts may result in drawing the 
arc into parts of the equipment where it can cause dam- 
age. For this reason, terminals for the contacts must 
be marked and connected correctly. Permanent mag- 
nets cannot be used on a-c contacts because of the re- 
versal of current direction. 

7. Blowout Coils. More common than permanent- 
magnet blowouts are series coils adjacent to the con- 
tacts that provide a similar effect. Being in series with 
the contact circuit, reversal of current does not produce 
a reversal in the direction of magnetic repulsion of the 
arc. This feature provides an advantage over the per- 
manent-magnet type, but the wound blowout coils must 
be designed for a particular value or a relatively narrow 
range of current. Lower current may not give the de- 
sired blowout effect, and higher currents will probably 
cause excessive heating and voltage drop. However, 
blowout coils in series with the load give blowout effects 
proportional to the load current which is generally a 
desirable feature. 


Interrupting Alternating Currents 


For currents of the same magnitude, alternating cur- 
rent is much more readily interrupted than direct cur- 
rent since the voltage available to sustain the arc drops 
to zero twice during each cycle. With unity power 
factor, the current also drops to zero at the same in- 
stant as the voltage. With no current and no voltage, 
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carbide tool bits, magnetic radio cores, contact buttons, gears, cams 

and literally thousands of other items are accurately and automatically 
made with unbelievable cost savings on Kux Presses. 


K U X oh e % & £ % | peared of the most complete line of machines available for this 


industry, Kux Presses have been selected by all the leading 
THE MACHINES manufacturers for the superiority in design and construction built into 


every model. A penny post card will bring you detailed information 
UNIVERSALLY USED and an illustrated catalogue. 



















MODEL 82 


Combined mechanical 
hydraulic operation 

Pressure 150 tons 

Parts up to 6” diameter 

oot ee 


MODEL 64 


Multiple Motion 
mechanical operatior 
Pressure © ro 


Parts up to 3 





KUX MACHINE COMPANY 
3940 W. HARRISON STREET + CHICAGO 24, ILLINOIS 
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ASBESTON 
TAPES* 


They Safely Wrap Electrical Coils, Cables, 
Wires and other Elements 


*They’re woven from Underwriters’ Grade asbestos 
yarns so you can confidently use them for fire- 
resistant, dependable installations. 


They make tight, neat windings—they’re 
thinner; your choice of “‘thinnesses”’ of .010’’ and 
.015” and in widths from 14” to 3”. 


Strong, yet light—these special advantages come 
from the very careful supervision we give this 
product, from raw materials to finished tapes. 
Every step is quality-controlled at our modern 
plant in Hogansville, Georgia. Try Asbeston Tapes 
—we know their superior quality will meet par- 
ticular specifications. 


Sold by reputable distributors 
all over the United States. 


ASBESTON® 
USROVAL 


UNITED STATES RUBBER COMPANY 


Textile Division 


UNITED STATES RUBBER COMPANY 


1230 Avenue of the Americas . New York 20, N.Y. 
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the arc will be extinguished. However, 1f there is not 
sufficient time for the gases ionized by the arc to cool 
the arc “restrikes” when the voltage and current rises. 
Nevertheless, repeated passage of the current and volt- 
age through zero during the period when the contacts 
are opening is of great assistance in extinguishing the 
arc. Considerably higher currents may be interrupted at 
higher voltages for a-c at unity power factor than for 
d-c without added precautions. For power factors other 
than unity the fact that current and voltage at the con- 
tacts are not passing through zero at the same instant 
somewhat offsets the advantage of alternating current. 
At higher a-c voltage many of the same expedients dez 
scribed for direct current must be employed. 

As the severity of the duty on a-c contacts increases, 
| wider air gaps, larger contacts, and selected contact ma- 
|terials are used. In general, energy-absorption circuits 
|and permanent-magnet blowouts are not effective with 
|alternating current. Blowout coils are not generally 
employed on a-c contacts breaking less than 100 amp 
at less than 230 volt. As currents and voltages increase 
| above these values, auxiliary devices are used in addi- 
tion to the blowout coils. 


Auxiliary Contacts Take Arcing 


When arcing is sufficiently severe as to damage the 
main current-carrying contacts, the circuit is last broken 
on auxiliary contacts and arcing tips or horns. For 
a-c circuits up to 13,800 volts with system short-circuit 
capacity of 10,000 or 20,000 kva, air-break switches 
without blowout coils are often used with satisfactory 
results. Where higher short-circuit capacities are en- 
|countered, switches are designed so the arc is blown 
from the main contacts to auxiliary and arcing con- 
|tacts and into de-ionization chambers before it is ex- 
tinguished. Strangely enough, the greatest difficulty 
| with magnetic-blowout air circuit-breakers in such high 
| voltage applications is in interrupting light currents 
'when the magnetic flux is insufficient to blow the arcs 
quickly into the de-ionization chambers. 

At the present time, 500,000 kva at 13,800 volt is the 
/maximum in interrupting capacity for magnetic-blow- 
out circuit breakers. Above that rating, air blast or oil 
'immersion is used to assist in extinguishing the arc. In 
one air-blast type, air at high pressure is automatically 
released by a solenoid valve when the trip circuit is 
energized. As the moving contact draws away from 
the stationary contact, air is blown around it in the 
direction opposite to the direction of travel of the mov- 
'ing contact and parallel with the long axis of the arc. 
|In this manner, the arc is enveloped by the air stream 
which causes it to cool and contract. Arc interruption 
by this method is effective and fast. It has the advan- 
tage over the magnetic blowout type in that the blow- 
out force is constant over the complete range of currents 
handled. However, air compressors and air tanks are 
needed. 

Immersion of the contact in oil results in cooler 
| operation when interrupting power arcs, and the gases 
| generated assist in de-ionizing the arc space and raising 
‘the restriking voltage. In addition, oil retards oxida- 
tion to such a point that copper contacts may be used 
| to handle heavy currents. However, since oil does not 
eliminate all arcing, such expedients as auxiliary con- 
tacts, arcing tips, explosion pots and oil-jet action are 
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PRODUCTION BOOSTER 


This motor helps speed production for others 
Can it boost output in your plant? 
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Adjustable-speed for your machines may be just 
what you need to boost output in your plant. Now, 
you can get it easily, economically with General 
Electric’s ACA motor. Just glance at this list of 
machines to which the ACA motor adds productiv- 
ity by providing low cost adjustable-speed direct 
from a-c power— 


machine tools, pumps, grinders, mixers, pulver- 
izers, punch presses, centrifuges, extruders, print- 
ing machines, calenders, fans, feeders, processing 
lines —any drive that can be improved by economi- 


cal adjustable speed. 


Want the full story for your design engineers? 
Write for Bulletin GEA-4883A to Section 646-8, 
Apparatus Department, General Electric Com- 
pany, Schenectady 5, New York. 


By a twist of the knob, the ACA motor gives you 

the exact right speed for the job at hand. Available 
in 3:1, 6:1 or 20:1 speed ranges, 3 to 75 hp. It 
operates directly from 3-phase a-c power. The ACA 
motor and a standard 3-phase starter are all you 
need for this economical adjustable-speed drive. 
Standard NEMA mounting dimensions for ease of 
installation. Don’t miss this chance to boost output 

| of the machines in your plant. 
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FOR LONG LIFE IN 
LOW AMPERAGE CIRCUITS 
THE SERIES 4000 S.P.S.T. 
MOMENTARY CONTACT PUSH- 
BUTTON SWITCH IS IDEAL. 
AVAILABLE EITHER NORMALLY 
OPEN OR NORMALLY CLOSED. 
CONSERVATIVELY RATED AT 
‘2 AMP., 115V. A.C., 
NON-INDUCTIVE. i 


4000 


THE SERIES 2000 SNAP 
ACTION SWITCH IS FOR 
HIGHER AMPERAGE CIRCUITS. 
OR FOR TEST APPARATUS 
WHERE AN AUDIBLE “CLICK” IS 
DESIRED AT THE EXACT MO- 
MENT OF OPERATION. RATED 
AT 10 AMPS., 115V. A.C., 
NON-INDUCTIVE. THE CON- 
TACT ARRANGEMENTS 
ARE THE SAME AS 
THE SERIES 4000. 


SERIES \'p 


2000 GET DETAILS— 


Write for the Gray- 
" hill Catalog now. 


Ye 
hill 
wee ee # 
SE ERS 
4538 West Madison Street Chicago 24, Illinois 


MPROVE YOUR 
ELECTRICALLY 

HEATED PRODUCTS 
AND EQUIPMENT WITH 
THERMALINK ELEMENTS 


JUL Gila 


THERMOSTAT 


MODELS 


SPECIALISTS IN CORROSION - RESISTANT IMMERSION HEATERS 


Write Dept. E for Literature 


ELECTRO-THERM INC. 


8024 GEORGIA AVE., SILVER SPRING, MD. 


employed to provide rapid quenching and prevent the 
destruction of the current-carrying contacts. Disad- 
vantages of oil immersion include necessity for messy 
maintenance and fire hazard. 

Oil immersion was the first method used to assist in 
the interruption of high voltage arcs and is still being 
used with highly satisfactory results. However, the im- 
provement in design of magnetic-blowout air circuit- 
breakers and air-blast types is causing a gradual de- 
crease in the use of oil immersion.* 


Some Precautions in Contact Maintenance 


Electrical contacts in light-duty devices such as 
switches and relays, if properly selected and applied, 
should require no maintenance during their useful life, 
In contaminated atmospheres they should be enclosed 
and sealed, if necessary.’ In some applications, un- 
usual conditions may arise and when suitable precau- 
tions have not been taken, some servicing may be 
necessary. 

In general, surface films should not be removed by 
filing or by the use of abrasives such as sandpaper or 
emery cloth. In addition to removing some of the con- 
tact metal and shortening the life of the contacts, abra- 
sives will often aggravate the condition which made the 
servicing necessary. When the removal of film is found 
to be necessary, solvents such as carbon tetrachloride 
or other noncorrosive liquids should be used when 
practicable. Where severe transfer of contact material 
has occurred, it may be necessary to file off the high 
place on one-half of the pair of contacts. If so, steps 
should be taken to determine the cause of the transfer 
of metal and apply a remedy, and then replace the con- 
tacts at the first opportunity. 

In heavy-duty equipment such as circuit breakers, 
frequent interruption of short-circuit currents may 
cause severe pitting of auxiliary contacts, arcing tips 
and horns. Dressing should be limited to providing a 
smooth surface rather than attempting to restore the 
contacts to their original shapes. Where pitting is ex- 
ceptionally severe, or after two or more dressings, the 
auxiliary contacts should be replaced, and the device 
should be so designed as to make such replacement 
simple and inexpensive. If pitting occurs on main con- 
tacts of such equipment, improper adjustment and 
alignment is indicated. O00 
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*See “Designing an Air-Break Contactor for High-Voltage Service,” 
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t See “Hermetically Sealed Components for Industrial Control” by 
E. B. Steinberg, ELectricaL MANUFACTURING, July 1950, page 119. 
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Glass that 


Solders to Metal 


Solves an 
Engineer's 
rer bree 
Mxellare 


Gas and water meter windows once posed a 

sy, tough little engineering problem—how to get an 
Aa. airtight seal between the window and the metal 
iN frame. The answer was found at Corning in 
PYREX brand glass windows with metallized 
edges which can be soldered directly to the meter 





housing. This results in a hermetic seal, eliminat- 
ing danger of leakage, reducing corrosive action 
and preventing condensation inside the meter. 
Metallized glass offers any engineer opportunities for new product devel- 
opments. The integral contact of the fired-on metal with the glass makes 
glass-to-metal seals as easy as metal-to-metal. And when you use PYREX 
brand glass you get the added advantages of chemical stability, and high 
thermal shock and corrosion resistance. 

Hermetically sealed windows are but one application. In the field of 
electronics, high frequency inductances, bushings and capacitors, this same 
principle is applied. Perhaps you have a problem that can be solved by 
this development or one of the thousands of Corning’s glass compositions. 


It will pay you to investigate. 


CORNING GLASS WORKS 
CORNING, NEW YORK 


1851 » 100 YEARS OF MAKING GLASS BETTER AND MORE USEFUL + 1951 


Technical Products Division: Laboratory Glassware, Signalware, Glass 
Pipe, Gauge Glasses, Lightingware, Optical Glass, Glass Components 


NAME 


COMPANY __ 
CITY — we 
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CORNING GLASS WORKS, Dept. EM-1 Corning, N. Y. 
Please send literature checked: 


r 
! 

| 

ze. ‘Properties of Selected Commercial Glasses.’ 

1 © ‘‘Design and Manufacture of Commercial Glassware.” 
| 

| 

| 

| 

| 


ADDRESS___ 








Send today for the bulletins 
‘Properties of Selected Commer- 
cial Glasses’’ and “‘Design and 
Manufacture of Commercial 
Glassware."’ They are yours for 
the asking. 
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STATE. 








Reliable Electronic Equipment 
(Continued from page 109) 


Even with the elimination of gadgetry and trick cir- 
cuits the resultant complexity is still great. Integration 
into systems of equipment aggravates the situation; 
each system may have 5000 or more vacuum tubes, and 
fault prediction is important. With the most advanced 
techniques, the most reliable tubes and with good for- 
tune, tube failures may be confined to 2 per cent per 
thousand hr of operation. In practice, however, a 10 
to 20 per cent failure rate is good performance. 

Fault predicters and reliable tubes should maintain a 
reliability factor very nearly 1. Since continuous avail- 
ability of electronic equipment is important, fault pre- 
diction should be considered a necessary part of de- 
sign and not an added complexity. Lack of the predic- 
tion feature should mean an incomplete design. 

There is no indication that 5000-tube systems are the 
limit of complexity. But the efficiency to be gained by 
the addition of more electronic equipment to a system 
must be weighed against the additional maintenance 
load imposed. We may well ask if science has oversold 
itself ! 

The Office of Naval Research is making a study of 
unitized design and automatic fault locators in elec- 
tronics equipment at the Stanford Research institute in 
cooperation with the Bureaus of Aeronautics, Ord- 
nance, and Ships. It is expected that the results of 
this work will be valuable in many developments and 
that information from the program will assist in the 
search for more reliable equipments. The Office of 
Naval Research will then be able to provide more in- 
formation on this important subject. 

Reliability of electronic equipment now in service 
seriously limits its inherent usefulness. There is a great 
amount of work to be done before significant improve- 
ment in reliability will be noticed. Fortunately the 
seriousness of the present level of reliability is under- 
stood and vigorous endeavors are under way to solve 
the many problems ooo 
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* Snap a switch; or touch a button. An 
instant surge of electrical power thru 
your ESSEX WIRE CORPORATION 
ELECTRICAL ASSEMBLY activates 
any unit that you choose to function. 
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Complete nerve systems for anything you make that 
is actuated by electricity, from appliances to motor 
cars, are an old Essex specialty. We’ve been engi- 
neering and fabricating WIRE ASSEMBLIES since 
the days of the first automobile. 

Proper balancing and flow of current; the right 
flexibility and insulation, and perfected layout and 
design stem from Essex engineering know-how and 
experience. Through a network of twenty plants 
Essex completely engineers, processes and controls 
the assemblies from wire bar to your appliance. 
The wire, connectors, terminals, coils and re- 


BUILT TO PERFECTION 
WIRE ASSEMBLY AND 


ESSEX WIRE 











CORPORATION monticetto, iNDIANA 
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lays made in Essex plants are designed to perform 
in ESSEX WIRE ASSEMBLIES even if the load 
should be greater than required under the most 
severe operating conditions. 

ESSEX WIRE ASSEMBLIES are custom tailored 
to your product. They will make your product’s 
Mame synonymous with dependable performance 
in the minds of your customers. They will give you 
maximum efficiency at minimum cost. 

Consult an ESSEX representative, or send your 
specifications to THE SERVICE ENGINEERING 
DEPARTMENT of Essex, at Monticello, Ind. 


PROVED BY INDUSTRY 


CORD SET DIVISION 








Precision die molded plastics in small lots are now 
available at the lowest possible die mold cost. This 
new process is primarily for pilot runs in the pro- 
duction of 100 to 5000 small precision plastic mold- 
ings for experimental and other purposes where 
conventional type die molds would be prohibitive. 


Present mold capacity: 34 ounce, 2 x 3 x 1”. 


Your inquiries are invited. 


Dayton ROGERS 


MINNEAPOLIS 7, MINNESOTA 


VULCAN 


ELECTRIC HEATING UNITS 


STRIP HEATERS 


For heating FLAT SURFACES — SHALLOW PANS — POTS — HOT 
PLATES — PLATENS — PLASTIC EXTRUDERS — OVENS — MELT- 
ING POTS — PACKAGE SEALERS — TANKS — DIES — etc. 


CONSTRUCTION 


SHEATH, one-piece rust-resisting rectangular tubing. 


HEATER COIL, nickel chromium wire, insulated from inner ‘sheath 
with a refractory selected for best thermal conduction. 


TERMINAL SCREWS, stainless steel. 


VOLTAGE, 115 and 230 


16 STOCK SIZES, from 150 watts 8” overall length, to 1250 watts, 
4134" overall length. 


STEEL SHEATH for temperatures up to 750° F max. 


HIGH TEMPERATURE SHEATH for temperatures up to 1200° F 
max. 


FIVE TERMINAL ARRANGEMENTS 


VULCAN ELECTRIC COMPANY 
DANVERS 2, MASS. 


SPECIALISTS EXPERIENCED IN ELECTRIC HEAT 

Electric Heating Units for assembly into manufac- 

turers’ own products. Electric Soldering Tools, Solder 
Pots, Glue Pots, Branding Irons, etc. 





Electronics, September 1950. 

8. “Electronic Design Trends and Technique,” C. 
Brunetti, Proceedings of Symposium on Improved 
Quality Components. (See reference 2 for source.) 

Thas article is based on a paper read before the Na- 

tional Electronics Conference in Chicago on Septem- 

ber 25, 1950. 


Design Trends 
and Transients 


(Continued from page 122) 


the antenna-input terminals of the receiver. No circuit 
alterations or component changes are required in 
standard TV receivers for closed-circuit reception. All 
advantages of regular TV transmission are retained 
through the use of a carrier signal of the frequency of 
either channel 2 or 3. Since the signals travel through 
coaxial cables, reception is free at all times of outside 
interference. No operating license is required since 
signals are not radiated. Because of the carrier fre- 
quency used, attenuation in the feed line is not serious, 
and no special termination is needed for equalization 
of lines. ooo 


Wire-Wound Cooling Fins 


E. B. STEINBERG 
Laboratory of Advanced Research 
Remington Rand, Inc. 


A radiator for forced-air cooled power transmitting 
tubes with improved heat transfer efficiency and em- 
bodying the principles as described in “Improved Cool- 
ing of Electrical Devices,” ELECTRICAL MANUFACTUR- 


Fig. 1—Former cooling radiator (left) on transmitter 

tube consisted of straight continuous fins cut into a 

series of fins and then twisted. In redesigning to in- 

crease heat dissipation each continuous fin on radiator 

at right is cut to form slots and wire is then wound in 
the slots and silver soldered. 


ING, page 70, January 1950, has been designed by the 
British Marconi’s Wireless Telegraph Company Ltd.* 
By splitting up continuous cooling fins of more than 
1 in. length into a plurality of discontinuous strips and 
staggered rows, a much higher cooling performance is 
achieved. The same applies for fins consisting of nat- 


* The Marconi Review, Vol. XII, No. 3, July-Sept., 1949, pp. 85-91. 
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SILVER SOLDER 
COPPER ETC. 


PRECIOUS OR 
BASE METAL 


SILVER SOLDER 
COPPER ETC. 


GENERAL PLATE SOLDER FLUSHED METALS 
SAVE MATERIALS...REDUCE FABRICATION COSTS 


Now you can get from General Plate, precious and base 
metals with a flushing of various brazing materials, such as all 
types of silver solders, copper, etc., on one side or both sides. 


Flushed metals as pioneered by General Plate offer many 
advantages over other forms of soldering or brazing methods. 
Because the brazing alloy is on the metal, it reduces fabrication 
costs by eliminating a number of operations and pieces 
handled. It minimizes fluxing and cleaning . . . assures a 
better stronger bond. 


For instance, General Plate “Bondwich,” consisting of two 
outer layers of brazing alloy bonded to a ductile center shim, 
finds wide application in sandwich brazing carbide tips to 
shanks. The old method called for 5 pieces to be brazed .. . tip, 
solder, shim, solder, shank. With “Bondwich” only 3 pieces 
are used . . . tip, Bondwich and shank. It is readily seen that 
Cleaning and fluxing is greatly reduced — flux inclusions are 
Practically eliminated, handling operations are minimized. In 
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$0 Church: St., New York, N.Y. ¢ 4326 N. Elston Ave., Chicago, Ill. « 757 W. Third St., Mansfield, Ohio ¢ Detroit, Mich. ¢ Los Angeles, Calif. . 


addition the bonding is complete because the evenly wetted 
shim carries the braze all over. 

Investigate General Plate flushed metals. Precious or base 
metals are available flushed with various brazing or soldering 
alloys. Write for information. 


GENERAL PLATE PRODUCTS INCLUDE 


Truflex Thermostat Metals .. . Precious to base metal laminations ... 
Base metal laminations . . . Alcuplate (copper and aluminum) .. . 
Silver solders . . . Laminated contacts, buttons, rivets . . . Platinume 
fabrication-refining ... Age-hardening Manganese Alloy 720. 





GENERAL PLATE 


Division of Metals and Controls Corporation 


41 FOREST STREET 
ATTLEBORO, MASSACHUSETTS 
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Over 30,000 in- 
stallations ...han- 
dling nearly every 
conceivable type of 
material in practi- 
cally every industry 
—that’s the agres- 
sive materials han- 
dling record be- 
hind Cleveland 
Tramrail systems. 


Aetna double race 
type wheel bear- 
ing No. A-827 as 
used in Cleveland 
Tramrail Systems. 


Included among their sturdy components are hard 
working wheel bearings to meet the high load capac- 
ity, precision smoothness and long, trouble-free per- 
formance required in this application—bearings which 
Aetna has proudly supplied for over 14 years. 

Greater efficiency is an advantage which comes to 
any hard working equipment when Aetna bearings 
lend a hand. For money saving, problem solving coun- 
sel on your next bearing application, submit your 
prints to Aetna. No obligation, of course! 


AETNA BALL AND ROLLER BEARING COMPANY 


4600 SCHUBERT AVENUE + CHICAGO 39, ILLINOIS 








rowly spaced round rods or pins as compared to straight 
continuous fins. 

As shown in Fig. 1, the radiator which was former- 
ly composed of continuous fins has been cut to form a 
series of short staggered fins and then each fin has 
been twisted. Then, in addition, each fin has been cut 
to form a number of slots and wire has been wound 
in each slot formed by the cuts. Wires are spaced 


from one another to permit air to pass through the 
wires and then are silver soldered to the fins. Increased 
effectiveness of this design results from increased 


100 200 300 400, 500 600 
Watts per in? 


Fig. 2—Addition of the wire winding increases the heat 
dissipating capacity about four times over the straight-fin 
radiator of the same size. 


turbulence of the cooling air. At the end of each short 
fin or wire, a mixing of the air stream occurs which 
causes an intensified turbulence. 

Performance of radiators can be expressed as a co- 
efficient k obtained by dividing the watts dissipated by 
the product of the air flow in cfm and pressure drop 
in inches of water. Comparison between the conven- 
tional radiator and the new radiator design is given in 
Fig. 2 for a constant anode temperature of 180 C. Main 








Ice-cream freezer with motor-driven dasher, manu- 
factured by the Louisville Electric Mfg. Co., Louis- 
ville, Ky., fits in the freezing compartment in any 
standard refrigerator. Both compartment and main 
doors close over the thin, flexible, rubber-covered 
cord. Operates on 110 volt a-c or d-c and is UL- 
approved. 
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PACKARD Plus Performance 


FRACTIONAL HORSEPOWER for Your 


ea Prete 


The performance record of Packard 
motors has been proved and approved 
by repeated expressions of customer 
satisfaction and good will that in- 
crease the value and trade acceptance 


of Packard-equipped products. 


For 34 years we have concentrated 
our skill, experience and resources 
on the manufacture of soundly 
designed, ruggedly built fractional 
horsepower motors. Today—with 
expanded facilities for engineering 
and manufacturing—we continue to 
concentrate in this one field. 


Profit by our reputation—benefit by 
our concentration—and choose Pack- 
ard fractional horsepower motors for 
plus performance, lasting depend- 
ability, and complete satisfaction. 


gr) YS 
Packard Electric Division, General Motors Corporation 
Warren, Ohio 


DEPENDABLE APPLIANCE MOTORS FOR THIRTY-FOUR YEARS 
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THE FIRST NAME 


INTRANSFORMERS 
is Acme ELectrRIC 


Whenever Acme Electric transformers are com- 
paratively tested with laboratory instruments or 
in actual field service, their high performance us- 
ually wins preference. ‘‘Acme Electric” written 
into the specifications for transformers is the first 
step toassure top performance for your equipment. 


For HIGH VOLTAGE 


As a leading pro- 
ducer of luminous 
tubetransformers, 
where secondary 
voltages of 2000 to 
15000 volts are re- 
quired and oil bur- 
ner ignition trans- 
formers, Acme en- 
gineers have an ac- 
cumulation of ex- 
perience to design 
high voltage trans- 
formers that com- 
ply with Underwriters Laboratory requirements and per- 
form properly. 


For LOW VOLTAGE 


Acme Electric control trans- 
formers, signalling transform- 
ers, chime and bell ringing 
transformers reduce normal 
voltage to 6-8-12-16-24 or 32 
volts as the application may 
require. 


For VOLTAGE REGULATING 


The Acme Electric Voltage 
Adjustor provides manual 
regulation of voltage from 
65 to 145 volts or 145 to 
240 volts. Regularly 
stocked in sizes from 150 
to 10,000 watts. Specially 
designed voltage regulat- 
ing transformers can be 
supplied to specifications 
in quantity production. 


Acme Electric manufactures Luminous Tube Transformers—Fivorescent 
Lamp Ballasts—Cold Cathode Lighting Transformers and Ballasts—Radio 
and Television Transformers—Electronic Transformers—Door Bell, Chime 
and Signalling Transformers—Safety Transformers—Voltage Regulating 
Transformers—Stepdown Transformers—Control Transformers—Warp- 
stop Transformers—Air Cooled Power Transformers. 


ACME ELECTRIC CORPORATION 
351 Water Street Cuba, N. Y., U.S.A. 


PSV EAL Neal Yo eave 








fins are slotted every 4 in. with a slot 0.060 in. wide. 
Each slot is wound with 0.060-in. copper wire and 
turns are spaced 0.060 in. apart. The coefficient of 
performance k for the wire-wound radiator is about 


four times that of the straight-fin radiator. Ooog 


Glass-Polyester Parts in Induction 
Heater 


High-strength, heat-resistant glass-polyester tubing 
stock has been utilized for fabricating important parts 
of this 60-cycle induction pinion heater made by Na- 
tional Electric Coil Company, Columbus, Ohio. This 
heater was designed to aid in removing pinion from 


traction motor shafts. Liner and enclosure for the 
coil are glass-polyester or glass-melamine; endplates 
are asbestos-filled phenolic. The large-diameter glass- 
polyester stock was supplied by Richard J. Francis, 
Granville, Ohio. It is also available in various sec- 
tions (¥% in. to % in. square) and various diameters 
(% to Y% in.) and is claimed to have a tensile strength 
averaging 125,500 psi; compressive strength (endwise) 
84,300 psi; flexural strength, 131,600 psi; Izod impact 
(0.45-in. diam specimen, notched) 13.7 ft-lb, GOO 


Super-Thin Magnetic Steel 


Computers and other electronic devices operating at 
high speeds require rapid magnetization of thin electrical 
steel. With the ever increasing speeds, maximum satura- 


Fluorescent light developed by Stocker and Yale, 
Marblehead, Mass., screws into a socket like an 
ordinary incandescent lamp, produces four times 
the light, little heat and far longer life. Two 4-watt 
lamps and all control components are mounted 
within a drawn aluminum shade 6 in. long, 2 in. 
wide and 134 in. deep. Gives 500 ft-c at 3 to 5 in. 
for an average life of 7500 hr. 
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CONTROLLED TENSION 


OF GARRETT SPRING LOCK WASHERS 
Assures Longer . . . Tighter Assemblies 


The washer’s live spring action— power zone—determines the life of 
your assemblies. Garrett’s exclusive Controlled Tension built into 
every spring lock washer assures greater spring tension of the cor- 
rect pressure on every bolt and nut for longer holding power. 


Garrett produces spring lock washers by the millions every day to 
WEAR AND STRETCH meet every requirement. Made of high carbon steel, bronze, alumi- 
Ganett Sertae tack num, stainless steel or monel metal .. . finished in cadmium, 


Washers have extra nickel, brass or copper. 
power zone to com- 


pensate for stretch WASHERS TO ARMED FORCES SPECIFICATIONS 


of bolt . . . wear 
of assembly. Garrett makes a complete line of lock washers to meet all Armed 


Forces specifications ...some of them are: 


PROVIDES AMPLE AN 935 BECX 1 BECX 2 BECX 3 


BEARING SURFACE We also manufacture all types of flat washers to meet Armed 


» Garrett Spring Lock . ° 
date aut we Forces specifications. 


thrust washers... . 
furnish bearing sur- Go to Garrett for quick 


— on in deliveries. Write today 
Fars annenty. for complete catalog. 


PROTECTION AGAINST 


* 


GEORGE K. GARRETT COMPANY, INC. 
D & TIOGA STREETS PHILADELPHIA 54, PA. 
MANUFACTURERS OF 


FLAT WASHERS HOSE CLAMPS SPRINGS RETAINING RINGS STAMPINGS 
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tion of magnetic components must be accomplished in a 


| shorter time. One answer to this problem is to make the 
| steel thinner. To fulfill this need Armco Steel Corp., 
| Middletown, Ohio, has produced experimental quantities 


- of high-nickel magnetic alloys and 3-per cent silicon iron 
ie ) 
~~.WAXES 


~ 
hs, 


~~~ COMPOUNDS 


Anti-Corona high heat-resistant 
compounds for Fly Back Trans- 
formers. 


| 
| 
| 
| 
| 
| 
\ 
| 
| Waxes and compounds from 
| 100° F to 285° F Melting Points 
for electrical, radio, television, 
| and electronic components of 
all types. 
| 
| 
| 
| 
| 


Pioneers in fungus - resistant 
waxes. 


rolled to a thickness of 0.00025 in. and 0.10 in. wide. 
Our efficient and experienced Further experimental runs have produced electrical steel 


: laboratory staff is at your service. | with a thickness of only 0.00015 in. oo00 


' 2OPWAR MILLS 


4 55 hee tS Two-Motor Counter-Rotating Drive 
112-130 26th Street, 


Counter-rotation with a minimum of vibration is 

Brooklyn 32,N. Y. achieved in the laboratory mixer shown in Fig. 1 by 
using a two-motor drive. First developmental models 

made by Brookfield Engineering Laboratories, Inc., 

Stoughton, Mass., had a single motor and a set of bevel 

gears. Rotor-shaft bearings were first mounted rigidly 

then flexibly but vibration was excessive. As a result 


Fig. 1 — Counter-rota- 


: ting mixer uses a two- 

, motor drive with bear- 

ings floating in 

neoprene rubber to 

“ reduce’ vibration’ to 

: a_ permissible _ limit. 

es bea, Speed of the universal 

jy . = motors is controlled by 

y2” sq. to 12” x 16” cells—in tn. a_ variable autotrans- 
stacks, or single cells for customer 


former mounted in the 
assembly. cast-iron base. 





Made by a new process to a uni- the gears were eliminated and a two-motor design was 
form, high quality, for continuous, built. Vibration in latter model was much lower than 
heavy-duty service. previous ones. To reduce vibration further, an O-ring 
was placed in the bearing mount to dampen radial 
vibration and a flat neoprene disk washer was added 

: to absorb bearing end play. 
SYNTRON CO. | Speed control is accomplished by a variable auto- 
490 Lexington, Homer City, Pa. transformer which varies speed of the 1/30-hp uni- 
versal motors from 200 to 12,000 rpm when operating 


Write for literature. 
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PTT SMe ASM lel hae) ) Loe ul lth At: Moh] 
Guglielmo Marconi in 1899, Right: 150-ft aerial mast at his 
Tle ee ee et 


189 —and a young man, near Boulogne, France, 

presses the key of a transmitter. Instantly, 
his message clicks out on a receiver in Dover, England 
—32 miles distant. The way has been opened to 
mastery of instantaneous, world-wide communication. 


1899 —and a Board of Directors of an infant firm, 

convening for its initial meeting in Newark, 
N. J., hears the Treasurer state that $1,400 is at 
the disposal of Driver-Harris Company with which 
to commence business. The way has been opened to 
mastery of new facts and techniques which will pro- 
vide industry with quality metal products never before 
available. 





“Wireless” has been developed with phenomenal speed 
since the day Marconi’s message was successfully trans- 
mitted from Boulogne. Within fifty years—as radio, 
television, and radar—it has been made to circle and 
serve the world. 
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Rendezvous With MASTERY 


fp hrom 
4 > 


a 
Drier-Har 
HARRISON, 
BRANCHES: Chicago, Detroit, Cleveland, Los Angeles, San Francisco 





And Driver-Harris, expanding within the same fifty 
years until represented on all five continents, has pro- 
duced many of the alloys required. For example: 
Gridnic* for electron tube grid wire, alloys for radio 
cathode sleeves and glass seal metals, Karma* and 
D-H Manganin for resistors, and universally famous 
Nichrome* and Nichrome V for resistors, plates and 
other components. 


Today, Driver-Harris’ specialized knowledge and ex- 
tensive facilities are employed in supplying superior 
alloys for a host of applications in numerous fields. The 
name “Driver-Harris”, indeed, has become so widely 
accepted as a synonym for quality that the demand for 
D-H products is engaging the resources of the firm to 
an unprecedented extent. Driver-Harris can only say 
it is utilizing all the mastery at its command to meet 
this exceptional demand as fully as possible. 


e ond over 80 other alloys for the 


4s C mpany 


NEW JERSEY 


In Canada: The B. GREENING WIRE COMPANY, LTD., Hamilton, Ontario, Canada 
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SET SCREWS 


can SOLVE your puzzling 
set screw PROBLEMS, too! 


Available with practically all 
types heads (or headless); in all ma- 
terials and all popular or special sizes. 


“ DEMONS TR xine 


Send today for ZIP-GRIP* 
Action Demonstrator— and see for 
yourself how ZIP-GRIP* differs 
from conventional set screws and 
how exclusive* Contra-Thrust ac- 
tion gives ZIP-GRIP* its unique 
Self-Locking effect, unmatched by 
anything else yet developed. 


In less than one year, 
ZIP-GRIP* has been adopted on 
over 100 products made by many 
famous manufacturers. A list will 
be gladly furnished on request. 


With your ZIP-GRIP* Action 
Demonstrator will also be sent— 
without cost or obligation—a data 
sheet and offer of engineering test 
samples designed to meet your par- 
ticular puzzling problems such as 
vibration, accurate adjustment, 
etc. Write for FREE Demonstrator now. 


Makers of 


er 


SET SCREWS 


crevy 
& DAifg.Co. 


112 Main St. Bartlett, Il. (Chicago suburb) 
We Specialize in Solving Puzzling Set Screw Problems 


d 


on 115 volt a-c. Motors are completely enclosed for 
protection from corrosive fumes and all immersible 
parts are made of type 302 stainless steel, except a bot- 
tom guide bearing of leaded bronze. ogg 


For Better Heat Absorption 


Westinghouse appliance engineers are using a well- 
known principle of physics to good advantage in a com- 
bination sandwich-pancake-waffle grill. To improve heat 
absorption, backs of interchangeable aluminum cooking 
surfaces have a baked-on black cement. The black sur- 
face reduces the input from 1000 to 850 watts while 
decreasing the cooking time from 7 to 44%4 min. Tem- 
perature of the bottom of the grill next to the table is 
reduced from 180 to 120 F and the terminal connec- 
tions run at 450 instead of 800 F. ooo 


Up to 45,000 BTU can be supplied by this pack- 





aged heater which uses electric heating elements 
operating under the forced draft of a blower. De- 
signed by Kilbury Manufacturing Co., Lawndale, 
Calif., the heater incorporates a high-temperature 
limit switch to remove power from both element 
and motor should air passages become blocked or 
motor failure occur. Solenoid-operated snap-action 
switch is used in the power circuit instead of a 
magnetic contactor to control the 13,000-watt 220- 
volt heater. Blower is direct-driven with a 1/6-hp 
motor and delivers 260 cfm at a speed of 1300 
fpm. To accommodate various mounting positions, 
blower outlet can be adjusted in 2214-deg steps 


Puzzling Set Screw Problems Already Solved 


Following are a few of the products or applications 
on which ZIP-GRIP* has already solved set screw 
problems: Aircraft Accessories * Radio Parts * Computing Scales 
Power Transmission * Machine Tools © Naval Ordnance 
Wood Working Machinery © Power Mowers 6357 


to discharge heated air in desired direction. In 
lower view, enclosure is removed to show heater 


construction. 
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